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AUTHOR'S  PREFACE. 


Most  of  the  short  text-books  of  Organic  Chemistry  contain  a 
great  number  of  isolated  facts;  the  number  of  compounds  de- 
scribed in  them  is  so  considerable  as  to  confuse  the  beginner. 
Moreover,  the  theoretical  groimds  on  which  this  division  of  the 
science  is  based  are  often  kept  in  the  background;  for  example,  the 
proofs  given  of  the  constitutional  formulae  frequently  leave  much 
to  be  desired.  However  useful  these  books  may  be  for  reference, 
they  are  often  ill-suited  for  text-books,  as  many  students  have 
learned  from  their  own  experience. 

In  this  book  I  have  endeavoured  to  keep  the  number  of  imcon- 
nectod  facts  within  as  narrow  limits  as  possible,  and  to  give  promi- 
nence to  the  theory  imderlying  the  subject.  For  this  reason,  a 
proof  of  the  structure  of  most  of  the  compounds  is  given.  This 
was  not  possible  for  the  higher  substitution-products  of  the  aromatic 
series,  so  that  the  methods  of  orientation  employed  in  it  are  de- 
scribed in  a  special  chapter. 

Physico-chemical  theories,  such  as  the  laws  of  equilibrium, 
ionization,  and  others,  are  becoming  more  and  more  prominent  in 
organic  chemistry.  I  have  attempted  in  many  instances  to  show 
how  useful  they  are  in  this  branch  of  the  science.  Such  important 
technical  processes  as  the  manufacture  of  alcohol,  cane-sugar,  etc., 
are  also  included.  The  book  is  essentially  a  text-book,  and  makes 
no  claim  to  be  a  "Beilstein"  in  a  very  compressed  form. 

I  am  deeply  indebted  to  Dr.  A.  Jamieson  Walker  for  the  excel- 
lent way  in  which  he  has  carried  out  the  difficult  task  of  translating 
this  book  from  the  original  second  Dutch  edition  into  English. 
Lastly,  it  may  be  mentioned  that  it  has  also  been  translated  into 
German,  the  second  edition  having  just  appeared,  and  that  an 
Italian  edition  is  in  preparation. 

A.  F.  HOLLEMAN. 
Gboninqen,  Nbtheblands,  November,  1902. 
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TRANSLATOR'S  PREFACE. 


The  cordial  reception  met  with  by  Professor  Holleman's 
"Leerboek  der  Organische  Chemie"  in  Holland,  .as  weU  as  by 
Dr.  Hop's  translation  in  Germany,  makes  it  desirable  that  English- 
speaking  students  of  chemistry  should  share  in  the  advantages 
derived  from  its  publication  by  their  feUow-students  on  the  Con- 
tinent of  Europe. 

This  translation  is  from  the  second  Dutch  edition,  published 
last  year,  and  has  been  revised  and  added  to  by  Professor  Holle- 
MAN  and  myself  so  as  to  make  it  as  up-to-date  as  possible.  An 
Italian  translation  of  this  English  edition  is  now  in  preparation. 
The  "  Inorganic  Chemistry  "  referred  to  in  the  text  is  Dr.  Cooper's 
translation  of  Professor  Holleman's  "Leerboek  der  Anorganische 
Chemie,"  published  last  April  by  Messrs.  John  Wiley  &  Sons. 

I  have  to  express  my  thanks  to  Professor  Holleman  for  the 
great  care  bestowed  by  him  on  the  work  of  revision;  'to  Dr.  Owen 
E.  MoTT,  for  his  valuable  assistance ;  to  Professor  Senieb  of  Queen's 
College,  Galway ,  for  reading  the  proof  ahd  making  many  important 
suggestions;  to  Dr.  John  E.  Mackenzie  of  the  Birkbeck  Institution, 
London,  for  reading  part  of  the  proof;  to  Dr.  Hebmon  C.  Cooper 
of  Syracuse  University  for  the  note  regarding  the  law  regulating 
the  sale  of  alcohol  in  the  United  States;  and  to  Messrs.  John 
Wiley  &  Sons  for  the  excellent  way  in  which  they  have  prepared 
the  book  for  publication. 

A.  Jamieson  Walker. 

Derby,  England,  December,  1902. 
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ORGANIC  CHEMISTRY. 


INTRODUCTION. 

1.  Organic  Chemistry  is  the  Chemistry  of  the  Carbon  Com- 
pounds. The  word  ''organic'' has  now  only  a  historic  meaning, 
being  derived  from  a  time — the  beginning  of  last  century — when 
it  was  thought  that  the  substances  which  occur  in  organized  nature, 
in  the  animal  and  vegetable  kingdoms,  could  only  be  formed  under 
the  influence  of  a  special,  obscure  force,  called  the  vital  force. 
Several  unsuccessful  attempts  to  prepare  artificially  such  "or- 
ganic" substances  promoted  this  belief.  Until  about  the  year 
1840,  it  Iras  so  general  that  Berzelius  still  thought  that  there 
was  but  little  hope  of  ever  discovering  the  cause  of  the  difference 
between  the  behaviour  of  the  elements  in  the  mineral  kingdom 
and  in  living  bodies.  Organic  chemistry  included  the  study  of 
those  compounds  which  occur  in  plants  and  animals,  as  well  as  of 
the  more  or  less  complicated  decomposition-products  which  could 
be  prepared  from  these  compounds  by  various  means.  Among 
the  latter  many  were  known  which  did  not  occur  in  nature,  but  it 
was  thought  impossible  to  build  up  a  compound  body  from  its 
decomposition-products,  or  to  obtain  an  organic  compound  from 
its  elements. 

In  the  year  1828,  Wohlbr  had  indeed  obtained  from  inorganic 
sources  the  organic  compound  urea,  a  product  of  the  animal 
economy.  This  discovery  was  at  first  regarded  as  of  small  impor* 
tance,  for  it  was  thought  that  this  substance  occupied  a  position 
midway  between  organic  and  inorganic  compounds.  For  a  num- 
ber of  years  the  synthesis  of  urea  was  in  fact  the  only  well-known 
example  of  the  kind,  such  observations  becoming  more  numerous 
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about  the  middle  of  the  nineteenth  century.  The  synthesis  of 
many  substances,  including  that  of  acetic  acid  by  Kolbe,  and  of 
the  fats  by  Berthelot,  strengthened  the  conviction  which  had 
gradually  arisen,  that  organic  compounds  are  formed  imder  the 
influence  of  the  same  forces  as  are  inorganic,  and  that  to  this  end 
no  special  force  is  necessary. 

The  natural  division  between  organic  and  inorganic  chemistry 
was  thus  destroyed,  its  place  being  taken  by  an  artificial  one.  As 
it  had  been  already  noticed  that  all  organic  compounds  contain 
carbon,  the  name  "Organic  Chemistry"  was  applied  to  the 
Chemistry  of  the  Carbon  Compounds, 

Through  the  numerous  discoveries  which  were  made  in  this 
department  of  the  science,  especially  in  Germany  by  Liebig, 
WÖHLER,  and  their  pupils,  and  in  France  by  Dumas,  Laurent, 
and  Gerhardt,  organic  chemistry  gradually  acquired  a  totally 
different  aspect,  and  the  old  division  into  groups  of  substances 
which  had  either  the  same  origin,  as  in  the  case  of  vegetable 
chemistry  or  animal  chemistry,  or  had  single  properties  in  common, 
as  for  example  the  vegetable  acids,  the  vegetable  bases,  and  neutral 
vegetable  bodies,  vanished.  Its  place  was  taken  by  a  more  rational 
classification,  which  gradually  developed  intq  its  present  form,  and 
is  based  on  the  mutual. relationships  which,  are  found  to  exist 
between  organic  compounds.  • 

2.  Since  no  essential  distinction  between  organic  and  inorganic 
chemistry  now  exists,  and  numerous  syntheses  have  set  at  rest 
all  doubt  as  to  the  theoretical  possibility  of  building  up  from  their 
elements  even  the  most  complicated  carbon  compounds,  such  as 
the  albumins,  the  question  may  arise  as  to  the  reason  why  the 
chemistry  of  the  carbon  compounds  is  still  treated  as  a  special  part 
of  the  science.  The  answer  to  this  questioniiis  based  upon  two 
reasons. 

First,  the  enormous  number  of  carbon  compounds  which  are 
known.  This  amounts  to  many  thousands,*  and  is  greater  than 
that  of  the  compounds  of  all  the  other  elements.  Second,  the 
properties  of  the  carbon  compounds.  These  are  either  not  found 
at  all  in  the  compounds  of  other  elements,  or  at  least  in  a  much 
less  marked  degree;    for  example,   many  inorganic   compounds 

*  Seventy-flye  thouscuid  oompounds  are  mentioned  In  the  diotionary  recently 
published  by  M.  M  Righteb. 
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can  be  exposed  to  high  temperatures  without  undergoing  any 
chemical  change,  whereas  the  carbon  compounds,  almost  without 
exception,  are  decomposed  at  a  red  heat.  As  a  result  of  this,  the 
latter  are  generally  much  less  stable  than  the  former  towards 
chemical  and  physical  reagents,  and  thus  different  methods  are 
employed  in  the  investigation  of  the  carbon  compounds  and  of 
the  inorganic  compounds. 

A  further  peculiarity  is  that  numerous  organic  compounds 
have  exactly  the  same  composition,  but  differ  very  much  from  one 
another  in  properties.  For  example,  up  to  the  year  1900,  eighty- 
two  compounds  of  the  formula  C,Hj„0,  had  been  discovered. 
This  phenomenon  is  called  isomerism^  and  is  almost  unknown  in 
inorganic  chemistry,  a  fact  which  necessitates  an  investigation  of 
the  cause  to  which  it  is  due. 

All  these  reasons  make  it  desirable  to  treat  the  carbon  com- 
XK)undB  in  a  special  part  of  chemistry. 


ftüALITATIVE    AVD    QVAITTITATIVE    AVALT8I8. 

3.  Investigation  has  shown  that  in  the  majority  of  the  com- 
pounds of  carbon,  there  only  occurs  a  very  small  number  of 
elements.  The  chief  of  these  are  carbon,  hydrogen^  oxygen^  and 
nitrogen.  Halogen  derivatives  are  less  numerous,  and  substances 
containing  sulphur  or  phosphorous  occur  still  less  frequently. 
Carbon  compounds  are  also  known  in- which  other  elements  are 
found,  but  they  are  exceedingly  few  in  comparison  with  those 
which  contain  only  the  elements  named  above.  Some  elements 
do  not  occur  in  carbon  compounds. 

In  order  to  be  able  to  determine  the  nature  of  a  compound,  it 
is  first  of  all  necessary  to  ascertain  what  elements  it  contains  by 
submitting  it  to  qualitative  analysis.  In  the  case  of  the  carbon 
compounds,  this  is  very  simple  in  theory,  the  process  being  one  of 
oxidation.  This  converts  hydrogen  into  water,  nitrogen  is  liberated 
in  the  free  state,  and  the  other  elements  are  brought  into  the 
form  of  simple  compounds  (carbon  dioxide,  sulphuric  acid,  phos- 
phoric acid,  etc.),  which  can  then  be  detected  by  the  ordinary 
reactions  of  inorganic  analysis.    If  an  organic  compound  contains 
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a  halogen,  it  must  be  oxidized  before  the  latter  can  be  detected, 
-since  the  halogens  are  not  usually  split  off  in  the  form  of  ions  by 
mere  solution  of  their  organic  compounds,  and  cannot  therefore 
be  recognized  by  the  simple  addition  of  silver  nitrate.  When 
such  a  compound  is  oxidized  in  presence  of  silver  nitrate,  the 
corresponding  silver  halide  is  formed.  Other  elements  which  may 
be  present  are  found,  after  oxidation,  in  the  form  of  compounds 
which  are  easily  identified. 

For  analytical  purposes,  oxidation  is  carried  out  in  different 
ways,  according  to  the  nature  of  the  element  whose  presence  is 
suspected.  Copper  oxide  is  generally  used  in  testing  for  carbon, 
hydrogen,  and  nitrogen.  The  substance  is  miKed  with  it,  and 
the  mixture  is  heated  in  a  glass  tube  seaJed  at  o/ne  end,  the  carbon 
and  hydrogen  being  oxidized  by  the  action  o/  the  oxygen  of  the 
copper  oxide.  Nitrogen  is  evolved  in  the  free  state,  and  can  be 
recognized  in  exactly  the  same  way  as  in  thé  quantitative  analysis 
of  nitrogen  (7).  In  the  case  of  the  halogens,  sulphur,  phosphorus, 
etc.,  it  is  easier  to  oxidize  the  substance  under  examination  with 
concentrated  nitric  acid. 

The  method  of  oxidation  is  a  general  one  for  qualitative  analy- 
sis; it  can  always  be  applied,  and  yields  perfectly  reliable  results. 
There  are  in  addition  other  methods  which  in  many  cases  attain 
the  desired  end  more  quickly  and  easily,  but  as  most  of  these 
methods  are  not  of  universal  application,  the  failure  of  one  of 
them  to  detect  an  element  affords  no  certain  indication  of  its 
absence.  In  doubtful  cases  the  question  must  be  decided  by  the 
oxidation  process. 

For  example,  the  presence  of  carbon  can  frequently  be  de- 
tected by  submitting  the  substance  to  dry  distillation.  Qftarring 
often  takes  place,  or  vapours  are  evolved  which  can  be  recognized 
as  carbon  compounds  by  their  smell  or  other  properties,  such  as 
burning  with  a  smoky  flame  on  ignition. 

4.  The  nitrogen  in  many  organic  compounds  can  be  converted 
into  ammonia  by  heating  with  soda-lime,  or  with  concentrated  sul- 
phuric acid.  Another  method  very,  largely  used  in  testing  for  this 
element  was  suggested  by  Lassaigne.  It  consistr  in  heating  the 
substance  under  examination  with  a  small  piece  of  sodium  (or 
potassium)  in  a  narrow  tube  sealed  at  one  end.  Should  the  com- 
pound contain  nitrogen,  sodium  (or  potassium)  cyanide  is  formed. 
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its  presence  being  easily  recognized  by  converting  it  into  Prussian 
blue. 

This  test  is  carried  out  as  follows.  The  tube  with  its  conteats,  after 
having  been  heated  to  redness,  is  immersed  in  a  little  water,  where- 
npon  it  cracks,  and  the  alkaline  cyanide  which  has  been  formed  dis- 
solTes.  To  this  is  added  a  drop  of  a  solution  containing  a  ferrous  and 
ferric  salt,  and  then  a  little  dilute  hydrochloric  acid.  Should  an  alka- 
line cyanide  be  present,  it  is  converted  into  Prussian  blue,  forming  a 
blue  precipitate  in  the  liquid. 

5.  The  halogens  may  be  recognized  by  heating  the  substance 
with  quicklime,  the  corresponding  calcium  halide  being  formed. 
A  very  delicate  method  of  detecting  them  is  to  introduce  a  little 
of  the  compound  on  a  piece  of  copper  oxide  into  a  colourless  flame. 
The  corresponding  copper  halide  is  formed,  and  volatilizes,  impart- 
ing a  magnificent  green  colour  to  the  flame.  These  two  methods 
are  always  applicable. 

Sulphur  can  often  be  detected  by  heating  the  compound  with 
a  small  piece  of  sodium  in  a  narrow  ignition  tube.  Sodium  sul- 
phide is  produced,  and  can  be  detected  by  treating  the  reaction- 
mix  tnre,  placed  on  a  clean  silver  coin,  with  water,  when  a  black 
stain  of  silver  sulphide  is  formed.  Or,  the  reaction-mixture  may 
be  extracted  with  water,  and  sodium  nitroprusside  added  to 
the  solution,  which  then  acquires  a  deep -violet  colour. 

No  mention  has  here  been  made  of  oxygen,  because  no  qualita- 
tive reaction  is  known  by  which  it  may  be  tested  for  in  an  organic 
compound.  Its  presence  can  only  be  detected  by  quantitative 
analysis. 

6.  Following  on  qualitative,  must  come  quantitative  analysis; 
that  is,  the  determination  of  the  quantity  of  each  element  present 
in  the  compound.  The  methods  used  for  qualitative  analysis  in 
inorganic  chemistry  are  often  very  different  from  those  employed 
in  quantitative  determinations;  in  organic  chemistry  the  methods 
of  qualitative  and  quantitative  analysis  are  alike  in  principle, 
oxidation  being  made  use  of  in  both. 

Carbon  and  hydrogen  are  always  estimated  together.  The 
principle  of  the  method  of  organic  analysis  which  is  chiefly  used 
-waa  worked  out  by  Liebig  (1803-1873).  It  is  usually  carried  out 
as  follows.     In  the  combustion  furnace,  k  (Fig.  1),  is  a  hard  glass 
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tube,  al,  open  at  both  ends.  A  complete  drawing  of  it  is  shown 
in  the  figure  above  the  furnace.  It  is  partly  filled  with  granu- 
lated copper  oxide,  ff,  and  with  a  spiral  of  copper  gauze,  c, 
which  has  been  oxidized  by  heating  to  redness  in  the  air  or  in  a 
stream  of  oxygen.  About  one-third  of  the  length  of  the  tube  is 
left  empty,  and  into  this,  after  removal  of  the  copper  spiral,  a 


Fig.  1.— Organic  Analysis. 

plirtinum  or  porcelain  boat,  rf,  containing  a  weighed  quantity  of  the 
substance  to  be  analyzed,  is  introduced.  The  end  of  the  tube  next 
the  boat  is  connected  with  a  drying-apparatus,  g^  A,  j,  in  which 
the  air  or  oxygen  is  freed  from  water- vapour  and  carbon  dioxide; 
g  contains  concentrated  caustic  potash,  h  soda-lime,  andy  calcium 
chloride.  To  the  end  of  the  tube  furthest  from  the  boat  is 
attached  a  weighed  calcium  chloride  tube,  I,  for  the  purpose  of 
collecting  the  water  produced  by  the  combustion  of  the  substance. 

The  weighed  potash  bulbs,  m  (shown 
enlarged  in^Fig.  2),  are  connected  to 
this,  and  in  them  the  carbon  dioxide 
formed  is  absorbed  by  concentrated 
caustic  potash.  The  gases  enter  the 
apparatus  by  the  tube  b  on  the  right, 
pass  through  the  three  bulbs  con- 
taining potash,  and  escape  through 
the  tube  a^  which  is  filled  with  soda- 
lime.  As  soon  as  it  is  certain  that  all  the  joints  of  the  apparatus 
are  gas-tight,  the  burners  are  lighted,  except  beneath  the  place 
where  the  boat  is.  When  the  tube  is  hot,  the  substance  is  burned 
by  carefully  heating  this  part  of  the  tube,  while  at  first  a  slow 
stream  of  air,  and  later  a  slow  stream  of  oxygen,  are  led  through 
the  drying-apparatus  into  the  tube.  The  oxygen  has  the  effect  of 
burning  more  easily  and  quickly  the  particles  of  carbon  which  have 
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deposited,  and  the  red-hot  copper  oxide  serves  to  fully  oxidize  the 
gaseous  decomposition-products  to  carbon  dioxide  and  water. 
The  increase  in  weight  of  the  calcium  chloride  tube  and  of  the 
potash  bulbs  gives  the  quantity  of' water  and  carbon  dioxide 
formed,  from  which  the  amount  of  hydrogen  and  carbon  in  the 
compound  may  be  calculated. 

Should  the  compound  contain  nitrogen  or  halogens,  a  freshly- 
reduced  spiral  of  copper  is  placed  at  the  end  of  the  tube  next  the 
absorption-apparatus  I  and  m.  The  hot  copper  decomposes  any 
nitrogen  oxides  which  may  be  formed,  and  which  would  otherwise 
be  absorbed  in  the  potash  bulbs,  and  at  the  same  time  combines 
with  and  retains  the  halogens. 

Sometimes  the  analysis  is  carried  out  in  a  different  manner,  the 
substance  to  be  analyzed  being  mixed  with  finely-powdered  copper 
oxide  and  heated  in  a  tube  drawn  out  at  one  end  to  a  fine  point  in 
the  shape  of  a  bayonet,  and  connected  at  the  other  with  the  absorp- 
tion-apparatus. In  order  to  drive  over  into  the  absorption-apparatus 
the  water-vapour  and  carbon  dioxide  which  remain  in  the  tube  after 
the  combustion,  the  point  of  the  tube  is  broken,  and  a  stream  of  air 
drawn  gradually  through  the  whole  apparatus.  Substances  which 
bum  with  great  difficulty  are  mixed  with  lead  chromate  instead  of 
copper  oxide,  the  former  being  the  more  energetic  oxidizing-agent. 
This  substance  is  also  used  when  the  compound  contains  sulphur,  the 
sulphur  being  converted,  by  heating  in  contact  with  the  chromate, 
into  lead  sulphate,  which  is  stable  at  red  heat.  If  copper  oxide  is 
used,  sulphur  dioxide  is  formed  and  is  absorbed  in  the  potash  bulbs, 
thereby  introducing  an  error  into  the  carbon  estimation.  Another 
method  of  retaining  sulphur  dioxide  consists  in  having  a  layer  of  lead 
dioxide,  PbO» ,  at  the  end  of  the  tube  next  to  the  absorption-appa- 
ratus. This  layer  is  gently  heated,  and  takes  up  all  the  sulphur 
dioxide,  with  formation  of  lead  sulphate. 

7.  Nitrogen  is  usually  estimated  by  Dumas^  method.  A 
weighed  quantity  of  the  substance  is  mixed  with  finely-powdered 
copper  oxide  and  placed  in  a  tube  closed  at  one  end.  A  substance 
which  on  heating  easily  evolves  carbon  dioxide  is  previously  placed 
at  the  end  of  the  tube,  magnesium  carbonate  being  often  used 
for  this  purpose.  The  remaining  space  is  filled  with  granulated 
copper  oxide,  and  a  roll  of  clean,  freshly-reduced  copper  gauze  is 
placed  at  the  end.  The  open  end  of  the  tube  is  closed  with  a 
rubber  stopper  fitted  with  a  delivery  tube,  the  end  of  which  dips 
under  mercury.     As  soon  as  the  air  has  been  driven  out  of  the 
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apparatus  by  heating  the  magnesium  carbonate,  the  front  part  of 
the  tube^  containing  the  copper  spiral  and  the  granulated  copper 
oxide,  is  heated.  The  combustion  is  then  begun,  and  the  evolved 
gases  are  collected  in  a  graduated  tube  open  at  the  bottom 
(measuring  tube),  the  end  of  which  dips  into  the  mercury  bath, 
and-  which  is  filled  partly  with  mercury,  and  partly  with  concen- 
trated caustic  potash  to  absorb  the  carbon  dioxide.  The  reduced 
copper  spiral  has  the  effect  of  decomposing  any  nitrogen  oxides 
which  may  be  formed.  The  magnesium  carbonate  is  again  heated 
as  soon  as  the  combustion  is  over,  the  carbon  dioxide  evolved 
driving  all  the  nitrogen  remaining  in  the  apparatus  into  the 
graduated  tube.  The  latter,  along  with  the  mercury,  potash,  and 
gas  which  it  contains,  is  then  placed  in  a  wide  cylinder  filled  with 
water.  The  mercury  and  potash  are  displaced  by  the  water,  and 
after  the  level  of  the  liquid  inside  and  outside  the  tube  has  been 
made  to  coincide,  the  number  of  cubic  centimetres  of  nitrogen  is 
read  off.  From  this  the  amount  of  nitrogen  in  the  compound  is 
calculated. 

In  many  cases  nitrogen  may  be  estimated  by  a  method  which 
was  discovered  by  Kjeldahl  and  improved  by  Wilparth.  It 
depends  upon  the  fact  that  the  nitrogen  of  many  organic  sub- 
stances is  wholly  converted  into  ammonia  when  the  compound  is 
heated  for  some  time  with  concentrated  sulphuric  acid  in  presence 
of  phosphoric  anhydride  and  a  drop  of  mercury,  the  latter  going 
into  solution.  Usually  the  mixture  first  turns  black,  owing  to 
charring;  after  heating  for  one  or  two  hours,  a  point  is  reached  at 
which  tlie  liquid  again  becomes  perfectly  colourless.  The  carbon 
has  then  been  fully  oxidized  by  the  oxygen  of  the  sulphuric  acid, 
which  is  reduced  to  sulphurous  acid.  The  process  is  facilitated  by 
the  mercury  salt,  which  probably  plays  the  part  of  an  "  oxygen 
carrier^'  between  the  sulphuric  acid  and  the  organic  substance, 
being  continually  converted  from  the  mercuric  to  the  mercurous 
state,  and  then  back  again  by  the  boiling  acid  into  the  mercuric 
state.  As  soon  as  the  liquid  has  become  colourless,  it  is  allowed 
to  cool,  diluted  with  water,  excess  of  alkali  added,  and  the  am- 
monia distilled  into  a  measured  quantity  of  acid  of  known  strength. 
By  titrating,  the  quantity  of  ammonia  is  found,  and  hence  the 
amount  of  nitrogen.  This  neat  and  easy  method  is  usually  not 
applicable  to  compounds  which  contain  oxygen  linked  to  nitro- 
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gen.     In  this  case  the  latter  element  is  only  partially  converted 
into  ammonia. 

8.  The  halogens  can  be  estimated  by  the  method  either  of 
LiEBiG  or  of  Carius.  In  the  former,  the  substance  is  heated  with 
quicklime,  and  in  the  latter,  at  a  high  temperature  with  a  little 
concentrated  nitric  acid  and  a  crystal  of  silver  nitrate  in  a  sealed 
glass  tube.  This  is  carried  out  without  risk  in  the  tube  furnace 
(Fig.  3),  in  which  the  glass  tubes  are  placed  in  wrought-iron 
cylinders  with  thick  walls. 


Pig.  8.— Tube  Fürkacb. 

Gabius'  method  can  also  be  applied  to  the  estimation  of  sul- 
phur, phosphorus,  etc.  Non-volatile  substances  containing  sulphur 
or  phosphorus  can  also  be  oxidized  by  fusion  with  nitre. 

9.  The  results  of  a  quantitative  analysis  are  expressed  in  per- 
centage-numbers. If  the  total  of  these  percentage-numbers  is 
very  nearly  100,  then  no  other  elements  are  present  in  the  com- 
pound; but  if  appreciably  less  than  100,  there  is  another  ele- 
ment present  which  has  not  been  taken  account  of  in  the  analysis, 
because  there  is  no  suitable  method  known  for  its   estimation. 
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This  element  is  oxygen.  The  percentage-amount  of  oxygen  is 
therefore  found  by  subtracting  the  total  of  the  percentages  of 
the  other  elements  from  100.  This  has  the  disadvantage  that 
the  errors  of  experiment  are  all  included  in  the  percentage-num- 
ber of  the  oxygen. 

Carbon  estimations  are  usually  too  low,  owing  to  the  loss  of  a  little 
carbon  dioxide  through  the  various  connections  of  the  apparatus.  The 
hydrogen  estimations  are  generally  too  high,  because  copper  oxide  is 
hygroscopic,  and  can  only  be  freed  from  traces  of  moisture  with  great 
difficulty.  These  errors  balance  one  another  more  or  less,  so  that 
the  want  of  accuracy  in  the  oxygen  percentage  is  diminished. 

The  method  by  which  the  percentage-composition  and  formula 
of  a  substance  are  calculated  from  the  results  of  analysis  is  best 
explained  by  one  or  two  examples. 

First  Example.    The  following  numbers  were  obtained  in  the 
analysis  of  a  substance  : 
(a)  0*2581  g.  substance  gave  0-7654  g.  CO*  and  0-1628  g.  H.O. 
(6)  0-2170  g.  substance  gave  0-6414  g.  G0«  and  0-1860  g.  H,0. 

Since  there  are  12  parts  by  weight  of  C  in  44  parts  by  weight  of 
GOfl ,  and  2  parts  by  weight  of  H  in  18  parts  by  weight  of  HsO,  the 
number  obtained  for  COs  must  be  multiplied  by  ||  =  ^^  to  find  the 
amount  of  C,  and  the  number  found  for  HiO  by  f^  s=  |  to  obtain  the 
amount  of  H. 

(a)  0-2581  g.  substance  contain  0-2087  g.  C  and  0-0181  g.  H. 

(&)  0-2170  g.  substance  contain  0-1749  g.  C  and  0-0151  g.  H. 

In  order  to  calculate  from  this  the  percentage-numbers,  the  figures 
found  for  C  and  H  must  be  divided  by  the  weight  of  substance  used 
in  the  analysis,  and  the  quotient  multiplied  by  100.    This  gives 

(a)  80.8JÏOand7-0j{H. 
(6)  80-6^  C  and  6-9j(H. 

Since  the  sum  of  C  and  H  is  87*8  in  (a),  and  87-5  in  (6),  the  com- 
pound analyzed .  must  contain  oxygen.  According  to  (a)  the  per- 
centage of  this  element  is  12-2  ;  according  to  (&)  it  is  12-5. 

The  mean  of  the  two  analyses  gives  the  following  percentage-com- 
position for  the  substance : 

0  80-7 

H    6-9 

0  12-4 

The  atomic  weight  of  carbon  is  12,  of  hydrogen  1,  and  of  oxygen 
16  ;  in  order  to  find  the  ratio  of  the  number  of  the  atoms  of  these  ele- 
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ments  in  the  compoand,  their  atomic  weights  must  be  diyided  into  the 
percentage-numbers.    From  this  we  obtain 

C  H  O 

67  6.9  0-8 

Since  there  cannot  be  leaa  than  one  atom  of  each  element  in  a 
compound,  and  since  the  figure  representing  the  number  of  atoms  must 
always  be  a  whole  number,  we  must  divide  the  above  ratio  by  0*8, 
which  makes  0  =  1,  and  the  other  numbers  as  follows  : 

OHO 
8.7  9-0  1 

It  is  evident  that  the  ratio  of  the  numbers  of  the  atoms  is  very 
nearly  9:9:1,  which  corresponds  with  the  formula  OgHsO.  Inversely, 
if  the  percentages  of  carbon,  hydrogen,  and  oxygen  be  calculated  for 
a  substance  of  this  constitution,  there  is  obtained 

C81.3  H6.8  0  12-0 

which  ai^roximates  to  the  mean  of  the  results  of  the  analyses  given 
above.  Th6  simplest  or  empirical  formula  of  the  substance  is  there- 
fore 

C.H.O. 

Second  Example,  The  analysis  of  a  substance  containing  nitrogen 
gave  the  following  numbers  : 

0-2169  g.  substance  gave  0-5170  g.  CO,  and  0-0685  g.  H,0. 
0-2218  g.  substance  gave  17*4  c.c.  N,  measured  over  water  at  6*  0. 

A.nH  7 Ad  mm    HfimffnAtirii*  nnpoKiirA 


and  762  mm.  barometric  pressure. 


The  weight  of  the  nitrogen  is  calculated  in  the  following  way. 
Since  it  is  saturated  with  water-vapour,  the  tension  of  this  expressed 
in  mm.  of  mercury  must  be  subtracted  from  the  barometric  pressure 
in  order  to  obtain  the  true  pressure  of  the  nitrogen.  At  6**  0.  the 
tension  of  aqueous  vapour  is  7*0  mm.  The  actual  pressure  of  the 
nitrogen  -is  therefore  762  —  7  =  755  mm.  Since  1  c.c.  of  nitrogen  at 
0"*  and  760  mm.  weighs  1-2562  mg.,  at  755  mm.  and  6*  C.  the  weight 
of  this  volume  expressed  in  milligrammes  is 

1-2562       755   ,  „^,^ 

X  ,— r  =  1-2211. 


1  +6  X  0-00367   760 


Therefore  the  17-4  c.c.  of  nitrogen  obtained  weigh  1-2211  x  17-4  = 
21-247  mg.,  from  which  the  percentage  of  nitrogen  is  found  to  be  9-6. 
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By  applying  the  method  described  in  the  first  example,  the  per- 
centage of  carbon  and  hydrogen  is  found  to  be  0  =  65*0  and  H  =  8-5. 

The  sum  of  these  percentage-numbers  is  78*1,  so  that  the  percentage 
of  oxygen  in  the  substance  analyzed  is  21-9.  The  percentage-composi- 
tion given  by  the  analysis  is  therefore 

C  65-0 
H  8.5 
N  9.6 
0  31.9 

On  dividing  these  values  by  the  numbers  representing  the  atomic 
weights  of  the  corresponding  elements,  we  have 

0  H  N  O 

54        85        0*7  1-4 
These  numbers  divided  by  0-7  give: 

0  H  N  O 

79        5-1         1  2-0 

These  numbers  approximate  very  closely  to  those  required  by  the 
formula  CêHtNOs.  The  percentage-composition  corresponding  to  this 
formula  is 

0  658  H8.4  N9.5 

which  agrees  well  with  the  analysis. 
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10.  An  analysis  only  gives  the  empirical  formula  of  a  com- 
pound, and  not  its  molecular  formula,  because  C^HbO^  Has  the 
same  percentage-composition  as  (C.H50o)n-  When  the  empirical 
formula  has  been  ascertained  by  analysis,  the  molecular  weight 
has  still  to  be  determined. 

This  cannot  be  decided  by  chemical  means,  although  it  is 
possible  to  thus  obtain  a  minimum  value  for  the  molecular  weight. 
For  example,  the  empirical  formula  of  benzene  is  CH.  There  is 
easily  obtained  from  benzene  a  compound,  C^H^Br,  which  can  be 
reduced  again  to  benzene.  It  follows  from  this  that  the  molecule 
of  this  substance  must  be  represented  at  least  by  C^H,.  The 
molecular  formula,  however,  could  also  be  C„H„,  or,  in  general, 
(C,Hj)„;  the  bromine  compound  would  then  have  the  formula 
(C,HjBr)„.     Assuming  the  formula  to  be   C^H^,  that  of  the 
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bromine  compound  would  be  C„H,^Br,.  It  is  evident  that  in  this 
case  two  hydrogen  atoms  would  have  been  directly  replaced  by 
bromine,  and  experiments  would  be  made  for  the  purpose  of 
obtaining  Cj,Hj,Br.  Should  these  not  attain  the  desired  result, 
the  probability  that  the  simpler  formula  C^HgBr  is  correct  would 
be  increased,  although  it  would  not  be  perfectly  established, 
because  it  might  happen  that  the  conditions  necessary  to  the 
formation  of  the  compound  C^H^jBr  had  not  been  found.  The 
chemical  method  only  furnishes  us  with  a  proof  that  the  molecule 
of  benzene  cannot  be  smaller  than  that  expressed  by  the  formula 
C,H^.  It  is,  however,  impossible  to  decide  in  this  way  whether  it 
is  a  multiple  of  this  or  not. 

In  order  to  ascertain  the  real  molecular  weight,  physical 
methods  must  be  made  use  of.  These  consist  in  the  determina- 
tion either  of  the  specific  gravity  of  the  compound  in  the  gaseous 
state,  or  of  certain  values  which  depend  on  the  osmotic  pressure 
of  the  substance  in  dilute  solution.  It  will  be  seen  later  that  there 
is  a  close  connection  between  these  apparently  totally  different 
methods. 

Determination  of  the  Molecular  Weight  from  the  Vapour  Density. 

11.  According  to  Avogadro's  law  (*' Inorganic  Chemistry," 
31,  32,  and  35),  equal  volumes  of  different  gases  measured  at  the 
same  temperature  and  pressure  contain  the  same  number  of  mole- 
cules. Prom  this  it  follows  that  the  weights  of  the  molecules  of 
these  gases  nmst  stand  in  the  same  relation  to  one  another  as  the 
weights  of  these  equal  volumes.  Since  the  atomic  weight  of 
hydrogen  is  taken  as  unity,  and  a  molecule  of  hydrogen  contains 
two  atoms,  the  molecular  weight  of  hydrogen  is  2.  If  an  equal 
Tolume  of  another  gas  under  the  same  conditions  as  to  temperature 
and  pressure  weigh  a  times  as  much  as  hydrogen,*  then  its  mole- 
enles  also  will  weigh  a  times  as  much,  and  the  molecular  weight  of 
the  gas  wiU  be  2a. 

In  order  to  be  able  to  calculate  the  vapour  density  (the  specific 
gravity  of  the  substance  in  the  gaseous  state),  four  quantities — the 
weight  of  substance  converted  into  the  gaseous  state,  the  volume 
of  the  resulting  vapour,  the  temperature  at  which  the  volume  is 
ineasured,  and  the  barometric  pressure — must  be  known. 


*  a  ia  therefore  the  specific  gravity  of  the  gas  referred  to  hydrogen. 
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12.  Vapour  density  is  usually  determined  by  a  method  sug- 
gested by  ViCTOE  Meyer.      The  apparatus  necessary  for   this 

(Fig.  4)  consists  of  a  glass  tube  b 
with  an  internal  diameter  of  about 
4  mm.  This  tube  is  closed  at  the 
top  with  a  stopper,  and  has  under- 
neath a  wider  cylindrical  portion 
of  about  200  c.c.  capacity,  closed 
at  the  lower  end.  Near  the  top 
of  the  tube  is  sealed  on  a  delivery 
tube  ƒ  for  the  gas,  which  is  col- 
lected over  water  in  a  graduated 
tube  g.  The  apparatus  is  partly 
surrounded  by  a  wide  glass  (or 
metal)  jacket  a.  This  contains 
a  liquid  of  higher  boiling-point 
than  that  of  the  substance  whose 
vapour  density  is  being  deter- 
mined. This  liquid  is  heated  to 
boiling,  some  of  the  air  in  h  being 
in  consequence  expelled.  A  point 
is  soon  reached  when  no  more  air 
escapes  from  the  delivery  tube, 
that  in  the  wider  part  of  the  tube 
having  a  constant  temperature, 
very  nearly  equal  to  that  of  the 
vapour  of  the  boiling  liquid.  The 
graduated  tube  is  now  filled  with 
water  and  placed  over  the  open 
end  of  the  delivery  tube  ƒ.  The 
stopper  is  then  witndrawn,  and  a 
weighed  quantity  of  the  substance 
Fig.  4.— Victor  Meyer's  Vapour  under  examination,  usually  en- 
Density  Apparatus.  closed    in    a   little   glass   tube,   is 

dropped  into  the  apparatus,  and  the  stopper  replaced,  care  being 
taken  to  make  it  air-tight.  The  substance  vaporizes  quickly  in 
the  heated  wide  portion  of  the  tube.  Its  vapour  expels  air  from 
the  apparatus,  which  is  collected  in  the  graduated  tube,  and  is 
equal  in  volume  to  that  of  the  vapour  itself.     While,  however,  the 
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air  in  the  hot  part  of  the  apparatus  has  the  local  temperature, 
in  the  graduated  tube  it  acquires  the  temperature  of  the  latter,  so 
that  this  must  be  taken  into  account  in  making  the  calculation. 
The  experiment  gives  a  volume  which  is  equal  to  that  which  the 
weighed  portion  of  the  substance  in  the  form  of  vapour  would 
occupy,  if  it  were  possible  to  convert  it  into  a  gas  at  the  ordinary 
temperature  and  under  the  barometric  pressure. 

For  ease  of  manipulation  this  method  leaves  nothing  to  be  de- 
sired. It  possesses,  moreover,  the  great  advantage  over  the  other 
methods,  that  it  is  not  necessary  to  know  the  temperature  to  which 
the  apparatus  has  been  heated,  since  no  use  is  made  of  this  in  the 
calculation.  It  is  only  necessary  that  the  temperature  should 
remain  constant  during  the  short  time  occupied  by  the  experiment. 

The  result  is  calculated  in  the  following  way.  Suppose  that 
g  mg.  of  the  substance  were  weighed  out,  and  yielded  F  c.c.  of 
air,  measured  over  water,  with  the  level  the  same  inside  and  out- 
side the  tube;  suppose  further  that  the  barometric  pressure  were 
/ƒ,  the  temperature  /,  and  the  tension  of  aqueous  vapour  ^,  then, 
under  a  pressure  ot  H  —  b  mm.  and  at  /°,  g  mg.  of  the  substance 
would  occupy  a  volume  of  Fee,  so  that  under  these  conditions 

the  unit  of  volume  (1  c.c.)  would  contain  ~  mg.  of  the  substance. 

One  c.c.  of  hydrogen  under  II  ^  h  mm.  of  pressure,  and  at  /°, 
weighs 

0-0895  H-b 

X 


1  4.  0-00367/  7ÜÜ    ' 

from  which   it  follows  that   the  vapour  density  D  compared  to 
hydrogen  is 

j._  g         1  +  0-00367^  760 

The  molecular  weight  M  being  twice  the  density, 

M  =  2D. 

Victor  Mbter^s  method  cannot  as  a  rule  be  applied  to  substances 
which  decompose  when  boiled  under  a  pressure  of  one  atmosphere. 
Subfitances  of  this  kind  can  often  be  converted  into  vapour  without 
decomposition  under  diminished  pressure.  To  determine  the  vapour 
density  of  Buch  substances  Hofmann^s  method  may  be  employed. 
This  was  in  general  use  up  to  the  time  of  Victor  Meter's  discovery, 
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but  it  is  now  seldom  employed,  as  it  is  much  more  complicated  than 
the  latter.  In  Hofmann's  method  a  weighed  quantity  of  the  sub- 
stance, contained  in  a  very  small  bottle  with  a  ground  glass  stopper, 
is  introduced  into  the  vacuum  of  a  barometric  tube,  divided  into 
tenths  of  a  cubic  centimetre.  This  tube  is  surrounded  with  a  glass 
jacket  through  which  is  passed  the  vapour  of  a  boiling  liquid,  the  boil- 
ing-point of  which  is  higher  than  that  of  the  substance  in  the  vacuum. 
The  necessary  data  for  calculating  the  vapour  density  are  obtained  by 
reading  the  volume  which  the  substance  occupies  in  the  gaseous  state, 
the  height  of  the  mercury  in  the  tube,  the  atmospheric  pressure,  and 
the  temperature  of  the  apparatus. 

Determination  of  the  Moleoolar  Weight  from  the  Lowering  of  the 
Freezing-point  or  the  Baising  of  the  Boiling-point. 

13.  In  ''Inorganic  Chemistry"  (40-43)  reference  is  made  to 
the  fact  that  solutionB  contained  in  a  vessel  made  of  a  semi-perme- 
able material,  which  separates  them  from  the  solvent,  exercise  an 
osmotic  pressure;  these  solutions  obey  the  laws  of  Boyle  and 
Gay-Lussac.  It  is  also  stated  that  the  numerical  value  of  the 
osmotic  pressure  is  equal  to  that  of  the  vapour  pressure.  In  other 
words,  whenever  a  certain  quantity  of  a  substance  in  the  gaseous 
state  occupies  a  given  volume,  it  exercises  a  vapour  pressure  which? 
is  exactly  equal  to  the  osmotic  pressure  which  would  be  obtained 
by  dissolving  the  same  weight  of  the  substance  in  a  liquid  and 
diluting  to  the  same  volume. 

Accordingly  the  law  of  Avogadro  holds  good  for  dilute 
solutions,  for  supposing  we  have  an  equal  number  of  molecules 
dissolved  in  equal  volumes  at  the  same  temperature,  then  we  know 
from  the  equality  of  the  vapour  and  osmotic  pressures  that  each 
will  exert  an  exactly  identical  osmotic  pressure;  and,  inversely, 
there  will  be  the  same  number  of  molecules  of  the  dissolved  sub- 
stance contained  in  equal  volumes  of  the  solvent,  under  like  con- 
ditions of  temperature  and  osmotic  pressure. 

We  have  here  a  very  important  extension  of  this  law.  For  it 
is  possible  not  only  to  compare  the  weights  of  equal  volumes  of 
gases  at  the  same  temperature  and  pressure  with  one  another,  and 
hence  to  calculate  the  molecular  weight ;  but  we  know  further,  that 
in  the  case  of  solutions  at  the  same  temperature, and  with  the  same 
osmotic  pressure,  the  weights  of  the  substances  present  in  equal 
volumes  of  the  solution  are  proportional  to  their  molecular  weights» 


\ 


DETERMIN/ITION  OF  MOLECULAR   f^E/GHT.  17 

Jüst  as  the  molecular  weight  of  gaseous  substances  is  arrived 
at  by  determining  their  temperature,  pressure,  weight,  and  vol- 
ume, so  for  dilute  solutions  this  is  obtained  by  determining  the 
volume  and  temperature  of  the  solution,  together  with  the  quan- 
tity of  substance  dissolved,  and  the  osmotic  pressure.  The  molec- 
ular, weights  of  all  substances  which  are  soluble  in  any  liquid  can 
be  determined  in  this  way,  and  since  many  more  substances  are 
soluble  than  are  obtainable  in  the  form  of  vapour,  it  is  now  pos- 
sible to  determine  the  molecular  weight  of  a  much  greater  number 
of  compounds  than  was  previously  the  case. 

There  is,  however,  a  difficulty  of  a  practical  nature;  a  direct 
determination  of  the  osmotic  pressure  is  by  no  means  easy.  This 
would  indeed  make  the  method  almost  useless,  if  it  were  not 
for  the  fact  that  in  order  to  determine  the  molecular  weight  it  is 
sufficient  to  observe  whether  two  solutions  have  the  sa7ne  osmotic 
pressure,  without  knowing  its  absolute  value;  because  Avogadro's 
law  only  requires  that  the  volume,  temperature,  and  pressure 
(osmotic  or  gaseous)  shall  be  equal,  apart  from  the  question  of 
what  the  absolute  values  of  these  quantities  are,  so  long  as  they  do 
not  exceed  certain  limits.  It  is  easy  to  measure  quantities  which 
are  proportional  to  the  osmotic  pressure,  and  to  infer  from  these 
"whether  there  is  equality  of  osmotic  pressure  or  not.  These 
quantities  are  the  lotoering  of  the  freezing-pomt,  and  the  raising  of 
the  boiling-pointy  or  the  differences  between  the  freezing-points 
and  the  boiling-points  respectively,  before  and  after  the  substance 
has  been  dissolved,  the  effect  of  which  is  to  lower  the  freezing- 
point,  and  to  raise  the  boiling-point,  of  the  solvent  ("Inorganic 
Chemistry,"  42  and  43). 

14.  The  lowering  of  the  freezing-point,  and  the  raising  of  the 
boiling-point,  furnish  a  means  of  determining  whether  solutions 
are  isotonic,  i.e.  whether  they  have  the  same  osmotic  pressure. 
The  freezing-point  of  a  substance,  phenol  for  example,  is  ascer- 
tained, and  a  gramme-molecule  of  a  substance  of  known  molecular 
weight  is  dissolved  in  a  known  weight,  and  hence  in  a  known 
volume,  of  the  solvent.  This  lowers  the  freezing-point  by  a 
certain  amount,  which  is  always  the  same  for  the  same  solvent,  no 
matter  what  the  substance  may  be,  provided  that  the  volume  of 
solution,  containing  one  gramme-molecule,  is  the  same.  This  is 
due  to  the  fact  that  such  solutions  are  isotonic.     The  lowering  of 
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the  freezing-point  caused  by  a  gramme-molecule  is  therefore  a 
constant  for  this  solvent.  If  a  1^  solution  of  a  substance  of 
unknown  molecular  weight  M  be  made  in  phenol,  and  the  lower- 
ing of  the  freezing-point  of  this  determined,  which  we  will  call  A^ 
then 

AM=  Constant; 

because  the  lowering  of  the  freezing-point  is,  between  certain 
limits,  proportional  to  the  concentration. 

It  is  easily  seen  that  this  formula  is  equally  applicable  to  the 
raising  of  the  boiling-point.  M  is  here  the  only  unknown  quantity, 
and  may  be  calculated  from  this  equation. 

Example.  If  phenol  is  used  as  the  solvent,  it  has  been  shown  by 
numeroas  determinations  that  the  product  of  the  lowering  of  the 
freezing-point  of  a  1%  solution  of  the  substance  by  its  molecular 
weight  is  equal  to  75.    We  have  then  for  phenol 

AM  =  75.  -     ' 

In  the  case  of  a  substance  whose  empirical  formula  is  C^H^K^O,  the 
lowering  of  the  freezing-point  of  a  2*lh%  solution  of  the  substance  in 
phenol  amounted  to  0-712°.    In  the  case  of  a  \%  solution  the  lowering 

would  have  been  ^  ^^    =  0-258;  therefore  A  =  0-258  from  which  it 


2-75 
follows  that  the  molecular  weight  is  - 


=  291. 


Ü-258 

Since  CïHïNjO  corresponds  to  the  molecular  weight  185,  and  that 
of  Ci4Hi4N40a  to  270,  the  latter  comes  nearest  to  the  molecular  weight 
found,  so  that  double  the  empirical  formula  must  be  assigned  to  the 
compound. 

The  constants  for  the  lowering  of  the  freezing-point  {fnolecuJax 
low€rÏ7\g  of  the  freezing-point)  for  a  number  of  solvents  are  given 
in  the  following  table: 


Solvent. 


Water....... 

Acetic  acid . . 

Benzene 

Nitrobenzene 

Phenol 

Urelhane... . 
Stearic  acid. . 
p-Toluidine. . 


Molecular  Loweiint? 
of  the  Freeziug-poiDt. 


19 

39 

53 

70 

75 

51-4 

45 

52-4 


Melting-point. 


0** 
16- 5' 

6" 

5*" 
39. 6** 
48. 7** 
53° 
42-5' 
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The  last  four  solvents  are  very  useful,  and  are  better  than 
glacial  acetic  acid,  which  is  still  often  employed,  because  they  are 
not  hygroscopic,  and,  having  melting-points  higher  than  the  ordi- 
nary temperature,  obviate  the  necessity  for  a  cooling-agent.  In 
addition,  their  constants  are  high. 

The  constants  for  the  raising  of  the  boiling-point  (molecular 
raising  of  the  boiling-point)  are  21  for 
ether,  11-5  for  ethyl  alcohol,  26-7  for  ben- 
zene, 36-6  for  chloroform,  etc.  These 
numbers  are  on  the  whole  much  smaller 
than  those  for  the  molecular  lowering  of 
the  freezing-point.  The  extent  to  which 
the  boiling-point  is  raised  is  therefore  less 
than  that  to  which  the  freezing-point  is 
depressed,  from  which  it  follows  that  the 
latter  determination  gives  greater  accu- 
racy. 

15.  Eykman  has  constructed  an  ap- 
paratus by  which  the  depression  of  the 
freezing-point  may  be  easily  determined 
(Fig.  5).  This  consists  of  a  small  ther- 
mometer divided  into  twentieths  of  a 
degree,  to  which  is  attached  a  little  flask, 
as  shown  in  the  figure.  The  whole  is 
contained  in  a  glass  cylinder,  is  held  at  the 
top  with  a  stopper,  and  supported  under- 
neath on  cotton  wool.  The  latter  has  the 
effect  of  making  the  cooling  take  place 
more  slowly,  since  it  is  a  bad  conductor  of 
heat.  A  weighed  quantity  of  the  solvent  is  placed  in  the  flask, 
and  its  freezing-point  determined.  Then  a  known  weight  of  the 
substance  is  introduced,  and  the  freezing-point  again  observed. 
In  this  way  a  depression  of  the  freezing-point  is  obtained,  from 
which  A  may  be  calculated  as  in  the  example  given  on  p.  18. 


Pig.  S.—Eykman's 
Deprbssimeter. 


The  laws  of  osmotic  pressure  only  hold  good  when  the  solutions  are 
very  dilute,  and  the  same  is  true  of  the  equation  AM  =  Const.,  since 
it  is  derived  from  these  laws. 

It  is  not  strictly  correct  to  determine  A  by  means  of  a  solution  of 
finite  concentration,  as  was  done  in  the  example  on  p.  18.    In  order 
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to  determine  Jf  accurately,  the  value  of  A  should  be  derived  from  a 

solution  of  infinite  dilution ;   but  as  this  is  not  possible,  Eykhan 

has  described  the  following  graphic 
method  of  determining  A  for  such  a 
solution.  A  is 
determined  for 
three  or  four  con- 
centrations, and 
the  values  ob- 
tained are  repre- 
sented graphic- 
ally as  in  Fig.  6, 
Fig.  6.  in    which    the 

values   of   A  are  the  ordinates,    and  those 

of  the  percentage-strength  of  the   solutions 

are  the  absciss».     Etkman  states  that  in  a 

very  great  many  cases  the  line  which  can  be 

drawn  through  the  tops  of  the  ordinates  is 

very  nearly  a  straight  one.    If  it  is  produced 

till  it  cuts  the  ordinate  OA,  OP^  gives  the 

value  of  A  for  infinite  dilution. 

For  determining  the  raising  of  the  boil- 
ing-point, McCoy  has  constructed  a  very  con- 
venient apparatus.  It  consists  of  two  vessels, 
A  and  B,  fitted  tightly  together.  The  inner 
tube  A  is  graduated  near  the  lower  end,  and 
is  joined  to  a  narrow  tube  aJ,  opening  to  the 
exterior  at  a.  A  side  tube  c  leads  from  the 
mouth  of  -4  to  a  condenser.  The  jacket  B  is 
enlarged  at  the  bottom,  and  has  a  side  tube 
rf,  closed  by  a  rubber  tube  and  pinch  clamp.  j«ic|^1^^cOot'8  Botl- 
About  50  c.c.  of  the  pure  solvent  and  a  small  ino' point  Appaka- 
piece  of  clay  tile  (to  promote  regular  boiling)  '^®* 
are  placed  in  the  jacket,  and  12-16  c.c.  of  the  solvent  in  the 
inner  tube.  The  liquid  in  the  jacket  is  heated  to  boiling, 
and  its  vapour  warms  the  other  liquid.  As  soon  as  the  latter 
becomes  hot,  the  vapour  in  the  jacket  forces  its  way  through  ab 
and  raises  the  temperature  of  the  liquid  in  the  graduated  tube 
to  boiling,  whereupon  a  slow  distillation  into  the  condenser  takes 
place.  Superheating  is  thus  avoided.  The  reading  may  be  taken 
within  five  to  ten  minutes  from  the  beginning  of  the  operation. 
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On  cooling,  d  is  opened  to  prevent  the  liquid  from  being  sucked 
out  of  the  graduated  tube.  The  boiling-point  of  the  pure  liquid 
having  been  found,  a  carefully  weighed  portion  of  the  substance 
whose  molecular  weight  is  to  be  determined  is  introduced  into  A^ 
the  thermometer  and  cork  being  temporarily  removed  for  this 
purpose.  As  soon  as  the  boiling-point  of  the  solution  has  been 
determined,  the  boiling  is  stopped,  the  thermometer  removed,  and 
the  volume  of  tne  solution  observed.  The  formula  is  the  same  as 
that  given  above,  volume  being  substituted  for  weight,  and  the 
constant  calculated  on  that  basis.  Etemak^s  graphic  method 
(p.  20)  of  finding  A  for  infinite  dilution  may  be  applied  in  this 
case  also. 


THE  ELEMENT  CABBON. 

16.  Carbon  occurs  in  three  allotropic  forms:  diamond^  graphitey 
and  amorphous  carbon.  For  a  description  of  these  the  reader  is 
referred  to  "Inorganic  Chemistry,''  176-179,  which  deals  also 
with  the  compounds  of  carbon  with  metalloids  and  metals,  as 
well  as  with  the  determination  of  its  atomic  weight.  It  will 
therefore  be  here  sufficient  to  refer  to  certain  facts  regarding  the 
molecule  of  carbon.  There  is  no  doubt  that  this  consists  of  a 
great  number  of  atoms;  how  great,  has  not  yet  been  ascertained. 
It  is  supposed  that  there  are  more  atoms  in  the  molecule  of 
graphite  than  in  that  of  amorphous  carbon,  and  more  in  the  mole- 
cule of  the  diamond  than  in  that  of  graphite,  because  graphite 
and  diamond  are  more  difficult  to  decompose  by  chemical  means, 
and  because  their  specific  gravities  are  greater  than  that  of  amor- 
phous carbon. 

The  determination  of  the  vapour  density  of  carbon  is  impossi- 
ble, owing  to  the  high  temperature  necessary  to  convert  it  into  tlic 
state  of  gas.  The  depression  of  the  point  of  solidification  which 
carbon  causes  when  dissolved  in  molten  iron  cannot  be  determined 
with  sufficient  accuracy,  because  no  method  is  known  of  measuring 
differences  of  temperature  of  one-fiftietli  to  one-hundredth  of  a 
degree  at  the  melting-point  of  iron.  Moreover,  the  phenomenon 
would  be  complicated  by  the  fact  that  iron  enters  into  combination 
with  carbon. 
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It  can  be  shown,  however,  in  the  following  ways  that  the 
number  of  atoms  in  the  molecule  of  carbon  is  a  large  one.  When 
amorphous  carbon  is  oxidized  with  potassium  permanganate, 
mellitic  acid  is  formed,  containing  twelve  atoms  of  carbon  in  the 
molecule.  This  makes  it  to  a  certain  extent  probable  that  the 
molecule  of  carbon  contains  at  least  twelve  atoms,  because  when 
organic  compounds  are  oxidized,  substances  are  formed  which 
nearly  always  contain  either  a  smaller  or  the  same  number  of 
carbon  atoms  in  the  molecule  as  the  substance  which  has  been 
submitted  to  oxidation.  For  the  following  reasons,  however,  it 
is  believed  that  the  number  of  atoms  in  the  molecule  of  carbon 
is  greater  than  this.  Among  the  products  obtained  by  leading 
marsh  gaSy  CH^,  through  a  heated  tube,  is  found  ethylene  gas, 
C,H^.  When  this  is  treated  in  the  same  way,  acetylene,  C,H, ,  is 
formed,  which  in  its  turn  yields  henzene,  C^H^.  When  benzene- 
vapour  is  led  through  a  white-hot  tube  it  forms  naphthalene^ 
Cj^jHg,  ekiid  pyrene,  C„H,j,,  etc.  On  heating  naphthalene  or  pyrene 
to  a  still  higher  temperature  in  absence  of  air,  carbon  is  produced. 
From  this  it  is  seen  that,  as  the  temperature  rises,  compounds  are 
formed  containing  more  carbon  atoms  in  the  molecule.  This 
makes  it  probable  that  the  final  product  of  these  reactions,  carbon 
itself,  contains  a  considerably  greater  number  of  atoms  in  its  mole- 
cule than  the  number  of  carbon  atoms  in  the  molecule  of  pyrene. 

A  third  proof  of  the  great  number  of  atoms  in  the  molecule  of 
carbon  is  found  by  examining  the  boiling-points  of  its  hydrogen 
compounds.  If  these  be  denoted  by  the  general  formula  C„H.n_p, 
then,  even  when  n  and  p  are  both  large  numbers,  the  boiling- 
points  of  these  substances  are  relatively  low,  and  rise  with  the 
increase  of  both  n  and  p.  For  carbon  itself,  2?i  =  p,  and,  on 
account  of  the  extraordinary  non-volatility  of  this  substance,  the 
value  of  71  must  be  very  great. 
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VALENCY. 

17.  The  atoms  of  some  elements  have  the  property  of  being 
anable  to  combine  with  more  than  one  atom  of  any  other  element. 
The  halogens  on  the  one  hand,  and  hydrogen  on 
the  other,  yield  only  compounds  of  the  type  HX, 
in  which  X  stands  for  the  halogen  atom.  This 
property  is  called  monovalency. 

Of  other  elements,  for  example  those  of  the 
oxygen  group  (0,  S,  Se,  Te),  one  atom  is  able  to 
combine  with  two  monovalent  atoms.  Such  ele- 
ments are  therefore  called  divalent. 

The  number  of  atoms  of  a  monovalent  element 
which  can  unite  with  one  atom  of  another  element 
therefore  serve  as  a  measure  of  the  latter's  valency. 
Thus  nitrogen  combines  with  three  atoms  of  hy- 
drogen, and  is  therefore  trivalent.     But  the  cqm- 
pound   NH,  can   still   unite  with   HCl   to  form  [| 
NII^Cl,  in  which  there  are  five  monovalent  atoms 
attached  to  one  nitrogen  atom,  so  that  nitrogen 
can  also  be  pentavalent.     Many 
elements  besides  nitrogen  have 
more   than   one  degree   of  va- 
lency. 

Carbon  forms  with  mono- 
valent elements  compounds  of 
the  type  CX^.  It  is  therefore 
tetravalenty  and  it  is  on  this 
foundation'  that  the  whole  stiper- 
structtire  of  organic  chemistry 
rests. 


m" 


The  compound  CO2  is  also 
an  instance  of  the  tetravalency  fkj.  8.  —  Heating  Fig.  9. -Flask 
of  carbon.  In  carbon  men-  Substances  in  an  with  Rkplux- 
oxide,  CO,  on  the  other  hand,      open  Flask.  condenser. 

the  carbon  atom  most  be  looked  upon  as  divalent,  at  least  if  the 
divalency  of  oxygen  is  retained.  Other  compounds  are  well  known  in 
which  carbon  may  be  looked  upon  as  divalent,  but  their  number  is 
very  small  in  comparison  with  those,  numbering  many  thousands,  in 
which  carbon  must  be  regarded  as  tetravalent. 


ORGANIC  CHEMISTRY. 


LABOBATOBT  METHODS. 

18.  Before  we  proceed  with  the  description  of  the  organic 
compounds,  it  is  desirable,  to  prevent  repetition,  to  give  a  short 
account  of  the  most  important  processes  used  in  their  preparation 
and  investigation. 

Heating  Substances  Together. — This  process  is  very  often  used 
with  the  object  of  inducing  reaction  between  bodies,  since  the 
velocity  of  reactions  increases  largely  with  rise  of  temperature 
(*'  Inorganic  Chemistry/*  13  and  104).  The  process  varies  accord- 
ing to  the  temperature  to  which  they  must  be  heated.  If  this  is 
considerably  below  the  boiling-point  of  the  most  volatile  compound, 
they  are  simply  mixed  together  in  a  flask  fitted  with  a  thermom- 
eter, as  in  Fig.  8.  The  flask  is  immersed  in  a  bath  of  liquid, 
water,  oil,  or  molten  lead,  Rose's  alloy  or  other  metal,  etc.,  being 
used  for  this  purpose.  Should,  however,  the  boiling-point  of  one 
of  the  substances  be  reached  or  overstepped,  then  the  flask  must 
be  connected  with  a  condenser,  as  in  Fig.  9.  The  invention  of 
this  form  of  condensing-apparatus  is  usiially  attributed  to  Liebig, 
although  it  was  first  constructed  by  Weigel  in  1771.  It  consists 
of  a  glass  tube  aa,  enclosed  in  a  jacket  of  glass  or  metal  J,  through 
which  a  stream  of  cold  water  can  pass.  If  the  substance  has  a 
high  boiling-point,  it  is  sufficient  to  connect  a  long  glass  tube  to 


Pig.  10.— Distillation  Apparatus. 

the  flask;  the  air  keeps  this  sufficiently  cool,  so  that  a  tube  of  this 
kind  is  called  an  air-condenser.  The  effect  of  this  condenser  is 
easily  understood,  the  boiling  liquid  being  condensed  in  it  and 
dropping  back  again  into   the  flask.      When  it  is  necessary  to 
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heat  substances  above  their  boiling-points,  they  are  placed  in  a 
thick-walled  glass  tube  sealed  at  one  end,  which  is  then  sealed  at 
the  other,  and  heated  in  a  tube  furnace  (Fig.  3,  page  9). 

19.  Distillation, — For  this  purpose  the  apparatus  shown  in 
Fig.  10  is  used.  If,  however,  the 
liquid  to  be  distilled  is  of  such 
a  nature  that  it  would  become 
contami]iated  by  the  action  of  its 
vapour  on  the  cork  or  rubber 
stopper  shown  in  the  figure,  a 
distilling-flask  (Fig.  11)  is  sub- 
stituted for  the  ordinary  one,  and, 
if  its  neck  be  sufficiently  long, 
allows  the  substance  to  be  dis- 
tilled without  coming  in  contact 
with  the  stopper. 

20.  Many  substances  decom- 
pose when  heated  at  the  ordinary 
pressure  to  their  boiling-points, 
but  distil  unchanged  under  di- 
minished pressure,  because  the  boiling-point  is  then  much  lower. 


Fig.  11.— FRACnONATING-PLABK. 


Fig.  12.— Distillation  in  Vacuum. 
The  apparatus  shown  in  Fig.  12   may  be  used  for  vacuum  dis- 
tillation. 
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The  liquid  which  is  to  be  distUled  is  placed  in  d,  A  glass  tube 
e,  drawn  out  to  a  very  fine  point,  dips  into  the  liquid,  and  a  ther- 
mometer is  placed  inside  this  tube.  As  soon  as  the  apparatus  has 
been  made  vacuous  by  the  water-pump  w,  a  stream  of  small  bub- 
bles of  air  escapes  from  the  very  fine  point  of  the  tube  e.  This  is 
to  prevent  the  violent  "  bumping '^  which  occurs  when  liquids  are 
boiled  under  diminished  pressure,  caused  by  the  sudden  and  inter - 
mitt^t   formation   of  vapour,   whereby   boiling-over    sometimes 


Hkupkl.  Wurtz.  Linnemam. 

Fig.  13. — Fractionating -columns. 

occurs,  or  the  flask  is  broken.  The  receiver  I  is  kept  cool  by  a 
stream  of  water  from  c;  ?w  is  a  mercury  manometer;  a  a  two-way 
stop-cock  which  permits  access  of  air  to  the  apparatus  after  the 
distillation,  and  at  the  same  time  serves  to  cut  off  the  connection 
between  the  air-pump  and  the  rest  of  the  apparatus  when  the 
pump  ^^  strikes  back^';  that  is,  when  the  water  rises  through  the 
tube  8  into  the  apparatus. 
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21.  The  separation  of  a  mixture  of  volatile  substances  is  effected 
hj  fractional  distiHation.  If  a  mixture  of  two  liquids,  boiling  say 
at  100°  and  at  130°,  is  distilled,  the  one  that  boils  at  100°  will 
distil  over  principally  at  the  beginning,  and  the  one  which  boils 
at  130°  at  the  end  of  the  operation.  If  what  passes  over  before 
the  thermometer  reaches  110°  is  collected  separately  in  one  frac- 
tion, and  similarly  what  passes  over  between  120°  and  130°,  a 
rough  separation  has  already  been  effected,  while  the  middle 
fraction  still  consists  of  a  mixture.  To  make  the  separation  as 
complete  as  possible,  the  fraction  100°-110°  is  put  back  into  the 
fractionating-flask  and  distilled  over  till  the  thermometer  reaches 
110°,  the  fraction  110°-120°  being  now  mixed  with  the  residue  in 
the  fractionating-flask.  The  distillation  is  then  continued  till  the 
thermometer  again  stands  at  110°.  Another  receiver  is  now  em- 
ployed, and  the  distillation  continued  till  the  thermometer  reaches 
120°.  When  this  is  the  case,  the  fraction  120°-130°  is  added,  but 
the  receiver  is  only  changed  when  the  thermometer  again  indicates 
120°.  The  portion  which  distils  after  this  is  collected  separately. 
By  repeating  this  process  several  times,  during  which  it  is  usually 
desirable  to  collect  the  fractions  between  narrower  limits  6f  tem- 
perature, and  thus  to  increase  their  number,  it  is  possible  in  many 
cases  to  effect  an  almost  complete  separation. 

This  separation  is  greatly  facilitated  by  using  a  fractionating- 
column  (Fig.  13),  which  is  connected  to  the  neck  of  the  boiling- 
flask,  and  has  the  effect  of  condensing  the  least  volatile  part  of  the 
vapour.  This  is  attained  by  increasing  the  cooling-surface  by 
means  of  bulbs,  or  by  putting  obstructions,  such  as  platinum 
gauze  or  glass  beads,  in  the  way  of  the  vapour. 

22.  A  mixture  of  liquids  cannot  always  be  separated  by  fractional 
distillation.  Whether  this  is  possible  or  not,  depends  on  the  following 
considerations.  If  two  liquids  with  different  vapour  tensions  are 
mixed  in  such  a  way  that  a  small  quantity  of  the  one  is  continually 
added  to  the  other,  it  is  often  found  that  the  vapour  tension  of  this 
mixture,  the  temperature  remaining  the  same,  rises  or  falls  continu- 
ally, till  finally,  when  a  great  excess  of  the  second  liquid  has  been 
added,  the  vapour  tension  of  the  latter  is  very  nearly  reached.  This 
is  graphically  represented  by  the  line  AB  in  Fig.  14.  The  vapour 
tensions  of  the  mixtures  all  lie  between  those  of  the  two  pure  sub- 
stances, which  constitute  the  maximum  B  and  minimum  A  for  the 
whole  series.    In  some  cases,  however,  it  has  been  shown  that  in  this 
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way  a  mixture  is  obtained  whose  vapour  tension  is  a  maximum 
(Fig.  16)  or  a  minimum  (Fig.  16).  It  is  then  impossible  to  effect  sep- 
aration by  fractionating,  as  may  be  seen  in  the  following  way.  Tb& 
most  volatile  portion  of  a  liquid  always  distils  first,  and  in  the  case  of 
a  mixture  with  a  maximum  vapour  tension,  this  is  the  most  volatile 
portion  of  an  arbitrary  mixture  of  the  two  liquids.  On  this  account 
there  will  be  finally  obtained  a  fraction  having  the  composition  of  the 
mixture  with  maximum  vapour  tension  ;  which  of  the  two  substance» 
will  be  obtained  in  the  pure  state  will  depend  upon  which  of  them 
was  present  in  greater  proportion  in  the  original,  not  in  the  final» 
mixture. 

If  there  exists  a  mixture  of  two  liquids  with  minimum  vapour  ten- 
sion, this  is  the  least  volatile  part  of  the  liquid,  and  it  will  be  obtained 
as  the  final  residue  after  the  distillation.  Which  of  the  two  substances 
can  be  obtained  pure  from  the  mixture  will  again  depend,  as  before. 
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on  the  ratio  of  the  quantities  of  the  two  liquids  which  were  originall; 
present. 

The  separation  of  a  mixture  of  liquids  by  fractionation  is  also  im- 
possible when  the  boiling-points  of  its  constituents  are  close  together, 
because  the  essential  characteristic  of  the  whole  method  consists  in 
the  unequal  volatility  of  the  portions  of  which  the  mixture  is  made  up, 
in  consequence  of  which  one  substance  distils  over  before  the  other. 
If,  however,  the  substances  have  about  the  same  boiling-point,  then 
they  both  attain  to  a  vapour  tension  of  one  atmosphere  at  almost  the 
same  temperature,  being,  in  other  words,  almost  equally  volatile.  It 
is  therefore  impossible  under  these  conditions  to  apply  the  method 
snccessfully. 

23.  Steam  Distillation, — In  the  preparation  of  many  organic 
substances  a  crude  reaction-product  is  often  obtained  containing 
tarry  or  pitch-like  matter  along  with  the  required  compound.  In 
order  to  free  the  substance  from  this,  use  is  often  very  advan- 
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tageously  made  of  the  property  possessed  by  many  substances  of 
distilling  in  a  current  of  steam,  the  tarry  matters  remaining 
behind.  Fig.  17  shows  the  method  by  which  such  a  distillation 
is  carried  out. 

"Water  is  boiled  in  the  can  a,  which  is  fitted  with  a  delivery 
tube  r-  and  a  safety  tube  J,  the  evolved  steam  being  passed  into  the 


Fig.  17.— Stkam  Distillation. 

bottom  of  the  distilling-flask  d.  If  the  distillation  is  interrupted^ 
cooling  causes  diminished  pressure  in  a,  air  being  then  able  to 
enter  the  tube  h.  If  h  were  not  used,  the  liquid  in  d  would  flow 
back  into  at,  owing  to  the  fall  in  the  steam  pressure. 

Steam  distillation  is  also  of  service  in  separating  compounds, 
some  of  which  are  volatile  with  steam  and  others  not.  In  the 
case  of  substances  which  are  insoluble  in  water,  the  discillate  is  a 
milky  liquid,  because  the  water  which  has  distilled  over  is  mixed 
with  fine,  oily  drops,  there  being  at  the  same  time  an  oily  layer 
above  or  beneath  the  water. 

When  distilling  with  steam,  the  pressure  of  the  mixture  of  vapours 
must  be  equal  to  that  of  the  barometer,  since  the  liquid  is  boiling. 
The  boiling-point  must  be  lower  than  that  of  the  lower-boiling  of  the 
two  substances  under  ordinary  pressure,  because  the  partial  pressure 
is  necessarily  smaller  than  the  total  one,  which  is  equal  to  the  atmos* 
pheric  pressure.     The  same  result  is  therefore  obtained  as  >7hen  dis- 
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tilling  under  diminished  pressare,  viz.,  the  volatilization  of  the  sub- 
stance at  a  temperature  lower  than  its  boiling-point  under  ordinary 
pressure. 

Whether  a  substance  distils  quickly  or  slowly  with  steam,  depends 
on  its  partial  pressure  and  on  its  vapour  density,  together  with  the 
values  of  these  physical  constants  for  water.  If  the  pressures  are  pi 
and  pt,  and  the  vapour  densities  e^i  and  dt,  the  quantities  which 
distil  over  simultaneously  are  pld^  (substance),  and  pt^%  (water).  If 
the  TsXio  pidi'.p^d^  is  large,  the  substance  distils  over  with  a  small 
quantity  of  water,  the  distillation  being  quickly  carried  out ;  the  re- 
verse takes  place  when  the  ratio  p\di :  p^d^  is  smalL 

24.  Separation  of  Two  Immiscible  Liquids. — A  separating- 
funnel  is  used  for  this  purpose  (Fig.  18) ;  the  method  of  using 
it  may  be  inferred  from  the  drawing  without  further 
explanation.  It  is  also  employed  for  the  extraction 
of  aqueous  solutions.  The  aqueous  solution  of  a  sub- 
stance soluble  in  a  volatile  liquid  not  miscible  with 
water,  such  as  ether,  petroleum-ether ^  chloroform, 
carbon  bisulphide,  is  transferred  to  a  separating- 
funnel;  ether,  if  that  is  the  solvent  selected,  is  added, 
and  after  the  mouth  of  the  funnel  has  'been  closed 
by  a  glass  stopper,  the  two  liquids  are  mixed  together 
by  vigorous  shaking,  when  the  substance  which  is 
dissolved  in  water  passes  partly  into  the  ether.  The 
ethereal  solution  is  allowed  to  rise  to  the  top,  and 
separated  from  the  water  by  opening  the  stop-cock 
'ratuïg^-fün-  *^^®^  removal  of  the  stopper.  The  water  which  has 
NKL.  dissolved  in  the  ether  during  the  shaking,  is  removed 

by  chloride  of 'calcium,  or  some  other  drying-agent,  and  finally  the 
ethftr  is  distilled  off.  The  extraction  is  completed  quickly  when 
the  dissolved  substance  is  only  slightly  soluble  in  water,  and  easily 
soluble  in  ether;  it  is  then  possible  to  almost  wholly  exhaust  the 
aqueous  solution  by  repeating  the  operation  a  few  times  with  fresh 
ether.  Otherwise,  the  shaking  must  be  repeatedly  carried  out, 
and  even  then  the  extraction  is  imperfect. 

When  two  immiscible  solvents  are  simultaneously  in  contact  with 
a  substance  which  is  soluble  in  both,  the  latter  distributes  itself  in 
such  a  way  that  the  ratio  of  the  concentrations  reached  in  both 
solvents  is  constant  (law  of  Berthelot).  If  a  quantity  X»  of  the 
substance  is  dissolved  in  a  quantity  t  of  the  first  solvent  (water),  and 
this  solution  is  shaken  up  with  a  quantity  m  of  the  second  solvent 
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(etner),  there  will  then  remain  a  quantity  Xi  in  the  first  solution,  so 
that  .r»  —  JTi  has  passed  into  the  second  solvent. 

The  value  of  the  quantity  Xx  is,  in  accordance  with  the  above  law, 
given  by  the  equation 


X\  ^  ^0  —  -^l 


I 

X.  -  X, 


m  +  KV 


are  the  two  concentrations  after  the  solvents 


for  -r  and 

I  m 

have  been  shaken  up,  and  K  is  the  number  expressing  the  constant 
ratio,  OT  the  ooefficie7it  qf  distribution  (German,  Teilunyskoefflzient), 

A  second  extraction  with  the  same  quantity  m  of  the  second 
solvent  gives 

Xa 


^9  ^Xx 


m 


or,  substituting  the  value  of  Xi  from  the  first  equation, 

m 


:)■• 


X,  =  JToL 
and  for  the  nth  extraction. 

Thus  X„,  the  quantity  remaining  in  the  first  solvent  (waterX 
diminishes  as  n  increases,  and  as  m  and  K  are  respectively  greater 
and    less.      Complete    extraction    is    impossible,   because    although 


\m  +  Kl, 


Kl      \n 


\in  +  Kl) 


~^l)  ^^  approach  zero  very  closely, 

it  can  never  become  equal  to  it. 

It  can  be  further  shown  from  this  equa- 
tion by  the  use  of  the  differential  calculus 
that  with  a  given  quantity  of  the  second 
solvent  (ether)  a  more  complete  separation 
is  effected  by  extracting  frequently  with 
small  quantities  than  by  using  larger  quan- 
tities a  correspondingly  fewer  number  of 
times. 

Separation  of  Solids  and  Liquids, — 
This  is  effected  by  filtration,  which  can 
be  materially  accelerated  by  fitting  the 
funnel,  by  means  of  a  rubber  stopper,  in 
a  flask  a  (Fig.  19),  which  is  connected 
through  è  to  a  water  air-pump.  To  prevent  rupture  of  the  point 
of  the  filter-paper,  it  must  then  be  supported  by  a  hollow  platinum 
cone  c. 


Fig.  19— Filtering 

FLASK. 
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25.  Separation  of  Solids  from  one  Another. — This  usually  de- 
pends on  difference  in  solubility.  If  there  are  two  substances,  one 
soluble  and  the  other  insoluble,  the  operation  is  very  simple.  If 
both  substances  are  soluble,  the  method  of  fractional  crystalliza- 
Hon  must  be  used.  The  mixture  is  dissolved  in  the  least  possible 
quantity  of  a  boiling  liquid,  and  allowed  to  cool.  The  more 
insoluble  substance  crystallizes  out  first.  The  mother-liquor  is 
poured  off  before  crystals  of  the  second  body  begin  to  separate, 
and  the  second  compound  is  crystallized  either  by  further  cooling 
or  by  concentrating  the  liquid  by  evaporation.  On  repeating  these 
operations  several  times,  the  substances  are  obtained  separated 
from  one  another.  The  separation  of  substances  in  this  way  is 
sometimes  very  difficult,  even  if  there  is  a  very  great  difference  of 
solubility  between  the  pure  compounds,  because  the  solubility  of 
one  substance  may  be  very  considerably  modified  by  the  presence 
of  another.  Water,  alcohol,  ether,  glacial  acetic  acid,  benzene, 
and  other  substances  are  used  as  solvents. 

26.  It  is  seen  from  the  foregoing  how  substances  may  be 
obtained  in  the  pure  state:  solid  substances  are  usually  purified  by 

crystallization,  and  liquids  by  distillation.  An  in- 
dication of  purity  is  that  the  physical  constants  re- 
main unchanged  after  the  substance  has  been  purified 
anew.  Although  every  physical  constant  could  serve 
this  purpose,  the  meltiiig-poin^  anÖr  the  boiling^ 
point  are  those  most  used,  becadse  "fièy  are  easily 
determined,  and  slight  impuritiei  ^^ttrcise  a  very 
material  infiuence  upon  them.  They  are  also  often 
a  means  of  identifying  substances.  Should  a  com- 
pound, supposed  to  be  one  already  known,  have  been 
obtained  by  some  process,  it  is  strong  evidence  in 
favour  of  the  supposition  if  the  melting-point  and 
boiling-point  of  the  substance  coincide  with  those  of 
the  compound  with  which  it  is  supposed  to  be  iden- 
tical. Determinations  of  melting-points  and  boiling- 
TKRMiNATioN  points  are  for  this  reason  very  often  carried  out. 
iNo-poiNT.  ^^  determine  the  melting-pointy  the  substance  is 

placed  in  a  narrow  thin-walled  small  tube  sealed  at 
one  end  (Fig.  20) ;  this  tube  is  attached  to  a  thermometer  t,  the 
bulb  of  which  dips  into  a  liquid  of  high  boiling-point,  such  as  con- 
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centrated  sulphuric  acid  or  liquid  paraffin  (33),  the  viscosity  of 
which  causes  the  small  tube  to  adhere  to  the  thermometer.  The 
tube  ale,  in  which  the  bulb  of  the  thermometer  and  the  little  tube 
are  placed,  is  loosely  fixed  in  a  small  round  glass  flask  adc,  contain- 
ing the  same  liquid  as  the  tube  aic.  When  adc  is  heated,  the  con- 
tents of  the  tube  ale  are  warmed  uniformly,  and  the  moment  of 
fusion  of  the  substance,  at  which  the  thermometer  is  read.,  can  be 
very  accurately  observed. 

The  hoiling-point  is  determined  by  heating  the  liquid  to  boil- 
ing in  a  fractionating-flask  with  a  high  side  tube.  Short  ther- 
mometers are  used,  so  that  the  whole  of  the  mercury  column  is 
surrounded  by  the  vapour  of  the  boiling  liquid.  In  order  to 
avoid  inconveniently  small  graduations,  these  thermometers  are 
constructed  so  that  they  can  only  be  employed  for  a  comparatively 
small  range  of  temperature,  six  or  seven  dijfferent  instruments 
being  used  for  temperatures  between  0*^  and  360®. 

27.  Sometimes  other  physical  constants  besides  the  melting-points 
and  boiling-points  are  determined  in  the  investigation  of  organic  com- 
pounds. 1.  The  specific  gravity  can  be  de- 
termined with  the  pyknometer,  the  most 
useful  form  of  which  is  shown  in  Fig.  21. 
It  consists  of  two  thick- walled  capillaries 
ab  and  cd,  which  terminate  in  a  wider 
tube  be.  The  parts  aa  and  dd  are  fur- 
pished  w'th  a  millimetre  scale.  The  capa- 
city of  tl  appfvratus  is  first  determined, 
as  well  %  '  e  space  between  two  divi- 
sions, by  ag  it  several  times  up  to 
different  ions  with  water  of  known 

temperatt        and    then   weighing.      The 

liquid  wh  i  specific  gravity  is  to  be  determined  is  then  placed  in 
the  appa  us,  which  is  weighed  after  the  positions  of  the  menisci 
in  the  capillaries  have  been  observed:  from  this  the  required  number 
may  be  calculated. 

2.  The  rotation  of  the  plane  of  polarization  is  another  constant  of 
importance. 

Some  substances,  such  as  turpentine,  a  solution  of  sugar,  etc., 
have  the  property  of  rotating  the  plane  of  a  ray  of  polarized  light 
which  is  passing  through  them  out  of  its  original  position.  This 
phenomenon  is  called  the  rotation  of  the  plane  of  polarization, 
and  substanties  which  possess  this  property  are  said  to  be  opti 
colly  actii».    Polarimeters  have  been  constructed  for  measuring  the 


Fig.  21.— Pyknometer. 
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angle  through  which  the  plane  of  polarization  has  been  rotated  by 
an  optically  active  substance ;  of  these  Laurent's  (Fig.  22)  is  one 
of  the  best  known.  The  yellow  sodium  light  of  the  burner  TT  is 
polarized  in  the  part  of  the  apparatus  marked  BD,  and  then  pas8e^j 
through  a  tube  placed  in  the  channel  X,  the  length  of  which  is  accu- 
rately known  (200-500  mm.),  containing  the  liq,uid  or  solution  whose 
optical  activity  is  to  be  determined;  the  part  OC'ot  the  apparatus 
serves  to  measure  the  rotation  of  the  plane  of  polarization. 

The  extent  to  which  the  plane  of  polarization  is  rotated  is  propor- 
tional to  the  length  of  the  tube,  and  is  expressed  in  different  ways. 
The  rotittion  of  a  substance  is  expressed,  for  example,  in  terms  of  the 


Fig.  22.— Laurent's  Pol arim eter. 

effect  produced  by  a  given  length  of  the  tube  above  referred  to;  this 
is  the  angle  which  is  read  off  directly  from  the  instrument.  It  is 
usually  denoted  by  a.  By  convention,  the  specific  rotatory  poteer 
is  defined  as  the  quotient  obtained  by  dividing  a  by  the  product  of 
the  length  of  the  tube  into  the  specific  gravity  of  the  liquid.  This 
value  is  denoted  by  [or],  so  that 

where  I  is  the  length  of  the  tube,  and  d  is  the  specific  gravity  of  the 
liquid.  Under  these  conditions  [a]  expresses  the  rotatory  power  of  a 
substance  per  unit  length  of  the  tube  (1  decimetre),  and  for  unit  weight 
of  the  substance  divided  into  the  unit  of  volume. 

The  extent  of  the  rotation  is  dependent  on  the  colour  of  the  light. 
In  many  cases  the  measurement  is  carried  out  with  sodium  light. 
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which  gives  a  yellow  line  in  the  spectroscope,  denoted  by  D,  This  is 
expressed  by  the  symbol  [a\D, 

When  the  rotatory  power  of  a  substance  is  small,  or  when,  on 
account  of  its  slight  solubility,  it  can  only  be  obtained  in  dilute  solu- 
tion, the  rotation  can  be  increased  in  many  cases  by  adding  a  solu- 
tion of  boracic  acid,  molybdic  acid,  uranium  salts,  etc.  The  cause  of 
this  phenomenon  is  not  fully  understood. 

It  is  often  important  to  determine  other  constants,  such  as  the 
ifidex  cf  refradbion^  the  molectdar  electric  condtictivityy  and  the  heat 
of  cowibusiwn. 

CLASSIPICATIOH   OF   OEOANIC   CHEMISTRY. 

28.  It  is  usual  to  arrange  the  extraordinarily  great  number  of 
organic  compounds  in  two  main  divisions.  One  of  these  includes 
Ï^Q  fcdty  or  aliphatic  compoundsy  and  the  other  the  aromatic  com- 
pounds. The  first  of  these  owes  its  name  to  the  fact  that  the 
animal  and  vegetable  fats  belong  to  it;  the  second,  to  its  containing 
many  compounds,  among  the  first  to  be  discovered  in  this  division, 
characterized  by  an  agreeable  smell  or  aroma. 

The  fatty  compounds  and  the  aromatic  compounds  are  re- 
garded as  being  derived  from  methane,  CH^,  and  benzene,  Cyi,, 
or  compounds  related  to  it,  respectively. 

It  will  be  shown  later  that  there  are  important  differences 
between  the  general  properties  of  these  two  classes  of  compounds. 


.     r 


FIRST  PART. 
THE    FATTY   COMPOUND^.        \ 


SATURATED   HYDR0CABB0H8. 

29.  The  fatty  compounds  are  defined  in  28  as  those  which  may 
be  regarded  as  derived  from  methaiie,  CH^.  It  is  therefore  advis- 
able to  begin-  the  study  of  these  compounds  with  this  hydrocarbon. 

Methane  occurs  in  nature  in  the  gases  evolved  from  volcanoes; 
it  escapes  in  coal-mines  during  the  working  of  the  coal-seams,  and 
is  called  fire-damp  by  the  miners.  '  It  is  also  called  marsh  gas, 
because  it  is  present  in  the  gases,  due  to  decay  of  vegetable  matter, 
which  rise  out  of  marshes.  It  is  an  important  constituent  of  coal- 
gas,  in  which  it  is  present  to  the  extent  of  30-40j^. 

It  can  be  prepared  in  different  ways. 

1.  {a)  By  Berthelot's  synthesis.  A  mixture  of  H,S  and  CS, 
is  led  over  red-hot  copper  contained  in  a  tube,  when  the  following 
reaction  occurs : 

2H,S  +  CS,  -f-  4Cu  =  4CuS  +  CH,. 
{h)  By  Sabatieb  and  Sendbbens'  synthesis.    When  a  mixture 
of  hydrogen  and  carbon  monoxide  is  passed  over  reduced  nickel 
at  200°-250°,  methane  is  formed: 

CO  +  3H,  =  CH,  +  H,0. 
The  nickel  undergoes  no  apparent  ch^,nge,  and  can  be  used  re- 
peatedly.    At  a  temperature  of  230°-300°,  carbon  dioxide  reacts 
similarly  with  hydrogen  in  presence  of  finely-divided  nickel : 

CO,  +  4H,  =  CH,  +  2H,0. 
Eeduced  cobalt  has  a  similar  action,   but  requires  a  somewhat 
higher  temperature.  Since  CS„  H^S,  CO,  and  CO,  can  be  obtained 
by  direct  synthesis  from  their  elements,  these  reactions  furnish 
methods  of  preparing  methane  synthetically. 

36 
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2.  By  acting  on  the   compound   CH,I,  methyl  iodide,  with 
nascent  hydrogen : 

CH,I  +  2H  =  HI  +  CH,. 

Nascent  hydrogen  can  be  obtained  in  different  ways:  from  sodium 
amalgam  and  water,  from  zinc  and  hydrochloric  acid,  or  by  bringing 
zinc  which  has  been  immersed  in  a  dilate  solution  of  copper  sulphate, 
to  coat  it  with  a  layer  of  copper,  into  contact  with  water.  By  the  last 
method,  which  was  discovered  by  Gladstone  and  Tribe,  hydrogen  is 
evolred  at  the  ordinary  temperature  in  a  form  in  which  it  is  able  to 
convert  methyl  iodide  into  methane. 

Methyl  iodide  can  also  be  reduced  to  methane  by  hydriodic 
acid: 

CH,I  +  HI=:CH,  +  I,. 
To  effect,  this  a  concentrated  aqueous  solution  of  hydriodic  acid 
is  heated  with  methyl  iodide. 

The  iodii^  formed  is  converted  back  again  into  HI  by  the  addition 
of  amorphous  phosphorus.    The  hydriodic  acid  is  regenerated  : 

p  +  I.  +  8H,0  =  H,PO,  +  8HI : 
and  is  available  to  effect  further  reduction. 

3.  By  decomposing  zinc-methyl,  ZnC,H^  (82),  with  water: , 

ZnC,H.  +  2H,0  =  Zn(OH),  +  2CH,. 

4.  By  heating  sodium  acetate  with  barium  hydrate : 

CH,COONa  +  ba*OH  =  baNaCO,  +  CH,. 

30.  Physical  and  Chemical  Properties. — Methane  is  an  odour- 
less and  colourless  gas  of  sp.  gr.  0'559  (air  =  1),  liquefying  at  11° 
and  180  atmospheres.  It  boils  at  —  162°,  and  solidifies  at  ^  186°. 
It  is  only  slightly  soluble  in  water,  but  more  so  in  alcohol.  It  is 
decomposed  into  carbon  and  hydrogen  by  the  sparks  of  an  induc- 
tion coil,  or  in  the  electric  arc.  Oxidizing-substances,  such  as 
nitric  and  chromic  acids,  do  not  attack  it,  or  only  very  slightly, 
whQe  concentrated  sulphuric  acid  and  strong  alkalis  have  no 
action  npon  it.  It  bums  with  an  almost  non-luminous  fliame. 
When  mixed  with  air  or  oxygen  it  forms  a  violently  explosive 
mixture,  the  reaction  being  in  accordance  with  the  equation 

CH,  +  20,  =  CO,  +  2H,0. 

This  so-called  '*  fire-damp "  is  the  cause  of  the  explosions  which 
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sometimes  occur  in  coal  mines.  Chlorine  and  bromine  react  with 
methane^  the  hydrogen  atoms  of  the  latter  being  replaced  by 
halogen  atoms,  and  a  haloid  acid  formed : 

CH,  +  2C1  =  CH,C1  +  HCl. 

The  replacement  of  one  atom  by  another  is  called  substitution. 
If  chlorine  or  bromine  is  present  in  excess,  the  final  product  is 
CCl,  or  CBr,. 

31.  There  exists  a  series  of  hydrocarbons,  the  general  chemical 
properties  of  which  are  identical  with  those  of  methane.  Example» 
of  these  compounds  are  ethane  C^H^,  propane  C,Hg,  butane  C^H^^, 
peiiiane  CjH,,,  hezane  C^Hj^,  etc.,  pentatriaconta^ie  CjjH„,  and 
hexacontane  *C^H,„.  These  formulee  can  be  summed  up  in  the 
general  expression  C„II,„+, ;  for  methane,  w  =  1.  These  hydro- 
carbons can  be  prepared  by  the  methods  described  in  2,  3,  and  4. 
It  should  be  observed,  however,  that  by  means  of  the  zinc  com- 
pounds only  the  lower  members,  those  containing  a  small  num- 
ber of  carbon  atoms,  are  obtained,  because  the  higher  zinc  deriva- 
tives are  not  known.  The  hydrocarbons  CnH,„^,  resemble  methane 
in  their  power  of  resisting  oxidation,  and  are  unacted  on  by  con- 
centrated sulphuric  acid,  while  halogens  react  with  them  with 
substitution  of  hydrogen  and  formation  of  compounds  CnHjna.,Cr,  ' 
C„H,,C1,,  etc. 

In  addition  to  the  methods  mentioned  above,  the  higher 
hydrocarbons  may  be  obtained  by  building  up  from  the  lower  ones. 
For  example,  ethane  can  be  obtained  from  methane  by  replacing 
a  hydrogen  atom  in  the  latter  by  halogen,  and  then  treating  the 
halogen  compound  thus  obtained  with  sodium : 

2CH,I  +  Na,  =  C,H,  +  2NaI. 
Propane  can  be  prepared  in  accordance  with  the  following  equa- 
tion: 

CH,I  +  C,H,I  +  Na,  =  C,H3  +  2NaI; 
and,  in  general,  C„H,n^,  is  obtained  by  the  action  of  sodium  upon 
C„H,„^jI  +  CpH,p,jI,  when  w  +  /?  =  n. 

In  this  reaction  C4H10  is  formed  from  2C3H6I,  and  CsHt  from 
2CH J,  the  result  being  that  three  hydrocarbons  are  formed.  This  is 
always  the  case  in  syntheses  of  this  kind. 

Since  methane  can  be  prepared  synthetically,  it  is  evidently 
possible  to  synthesize  each  hydrocarbon  of  the  formula  CnHj^g.,. 
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32.  Nomenclature.  —  The  hydrocarbons  CnH^n+j  are  always  i 
denoted  by  the  termination  **ane/'  The  first  four  members, 
methane,  ethane,  propane,  and  butane,  have  special  names;  the 
others  are  denoted  by  the  Greek  or  Latin  numeral  corresponding 
to  the  number  of  carbon  atoms.  Thus  C^H^g  is  called  octane, 
C„H^  dodecane,  C„Hj^  fientriacontane,  etc. 

It  will  often  be  necessary  to  consider  groups  of  atoms  which 
cannot  be  obtained  in  the  free  state,  but  which  are  derived  from  \ 
the  hydrocarbons  CnH^n^,  by  removal  of  a  hydrogen  atom.  These  • 
groups  have  the  general  formula  CnH,n^.j ,  and  are  usually  called 
nlkyUgroups;  they  are  denoted  individually  by  changing  the 
termination  **ane'*  of  the  corresponding  hydrocarbon  into  "yl.*' 
In  this  way,  CH,  is  called  methyl^  C^H^  ethyly  C,H^  propyl,  C^H^ 
huiyly  C„H^  dodecyl,  etc. 

The  hydrocarbons  CnH,n+,  have  the  general  name  of  saturated 
hydrocarbons,  because  they  are  saturated  with  hydrogen:  that  is, 
are  unable  to  take  up  any  more  hydrogen  atoms  into  the  molecule. 
They  are  also  caUed  paraffins,  because  paraflBn-wax  consists  of  a 
mixture  of  the  higher  members;  the  word  paraffin  is  derived  from 
parum  affinis,  indicating  that  this  substance  is  but  slightly  adted 
upon  by  chemical  reagents. 

33.  Occurrence  in  Nature. — The  hydrocarbons  CnHj^^.,  occur 
in  nature  in  enormous  quantities.  Crude  American  petroleum 
consists  of  a  mixture  of  a  great  number  of  these  compounds,  from 
the  lowest  to  the  highest  members  of  the  series.  Three  principal 
products  are  obtained  from  this  petroleum  by  fractional  distilla- 
tion, after  treatment  with  acids  and  alkalis  to  free  it  from  sub- 
stances which  are  not  hydrocarbons  of  the  formula  CnII,„^j.  The 
most  volatile  portion  is  called  petroleuin-ether,  benzine,  naphtha,  or 
ligroln;  it  distils  between  40°  and  150°,  and  contains  lower  mem- 
bers, chiefly  C,Hj^,  C^Hj,,  and  CgHj^.  It  is  extensively  employed 
as  a  solvent  for  fats,  oils,  and  resins,  and  is  also  applied  to  the 
removal  of  stains  from  clothing  ("  Dry-cleaning  process''). 

The  portion  which  distils  at  150°-300°  is  ordixuMj  petroleum, 
and  is  used  on  a  large  scale  for  lighting  and  cooking. 

The  danger  involved  in  its  use  is  by  no  means  small,  40-50$  of  ac- 
cidents by  fire  being  att:  'butable  to  this  source.  The  fact  that  fires  are 
often  caused  by  the  overturning  of  petroleum  lamps  is  traceable  to  the 
presence  in  the  petroleum  of  a  part  of  the  more  volatile  products, 
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whose  vapour  produces  an  inflammable  mixture  with  air.  If  a  lamp 
is  filled  with  petroleum  from  which  the  more  volatile  portions  have 
been  removed  by  careful  fractionation,  upsetting  extinguishes  it. 
Petroleum  of  this  kind  is  found  in  commerce  under  the  name  of 
kerosene  or  rqfined  petroleum. 

For  the  purpose  of  ascertaining  whether  a  sample  of  petroleum 
contains  these  more  volatile  products,  its  flash-point  is  determined 
by  heating  it  slowly  in  a  specially  constructed  apparatus,  devised  by 
Sir  Frederick  Abel,  and  observing  the  temperature  at  which  the  mix- 
ture of  vapour  and  air  over  the  petroleum  can  Just  be  ignited.  Ex- 
penence  has  shown  that  there  is  no  danger  with  a  flash-point  of  40''  C. 
Large  quantities  of  petroleum  come  into  the  market  with  a  flash-point 
of  22°-24''C. ;  these  are  the  cheaper  kinds,  which  are  used  by  the 
largest  proportion  of  the  population,  and  constitute  a  great  source  of 
danger  from  Are.  It  would  be  very  advantageous  if  the  law  insisted 
upon  a  flash-point  of  about  40°  C,  which  has  already  been  adopted  in 
some  countries. 

The  portion  of  the  crude  petroleum  whickidoes  not  distil  below 
300°,  but  remains  m  the  still,  is  named  vaseline.  It  is  a  semi- 
solid substance  at  ordinary  temperatures,  white  when  pure,  and  is 
used  in  pharmacy  in  the  preparation  of  ointments.  It  is  further 
made  use  of  for  covering  the  surface  of  metallic  articles  to  protect 
them  from  oxidation,  for  which  purpose  it  is  better  than  fat, 
because  the  latter  turns  sour  and  then  attacks  the  surface  of  the 
metal,  whereas  vaseline  has  a  neutral  reaction,  and  remains  un- 
changed in  the  air. 

Paraffi9i'WaXy  as  already  mentioned,  is  a  mixture  of  the  highest 
members  of  the  series  CnH^n^.,.  Some  kinds  of  crude  petroleum, 
notably  that  obtained  from  Java,  contain  considerable  quantities 
of  these  highest  members,  which  occur  to  only  a  small  extent  in 
American  petroleum. 

Liquid  paraffin  is  a  product  of  high  boiling-point,  obtained  in 
the  dry  distillation  of  brown  coal. 

Uarth'WaXy  or  ozokeritey  is  found  in  Oalicia,  and  consists  chiefly 
of  paraflBn.  This  substance  is  also  obtained  in  the  dry  distillation 
of  the  brown  coal  lound  in  Saxony. 

34.  Petroleum  has  probably  been  formed  from  fats  under  the 
influence  of  high  temperature  combined  with  great  pressure.  In  fact, 
Engler  has  obtamed  a  liquid  very  similar  to  American  petroleum,  by 
distilling  these  substances  under  increased  pressure.  Opinion  is 
divided  concerning  the  origin  of  these  fata.    According  to  some,  they 
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are  dae  to  fish;  but  it  is  difficult  to  understand  how  the  enormous 
quantities  of  petroleum  found  iu  some  places  could  have  been  formed  in 
this  way.  Another  explanation  attributes  its  formation  to  very  small 
organisms,  called  diatoms;  these  were  present  in  enormous  numbers 
in  the  earlier  geological  periods.  They  produced  a  sort  of  wax,  which 
yields  petroleum  when  distilled  under  pressure. 

Another  hypothesis  has  been  suggested  by  Moissan.  This  attributes 
the  formation  of  petroleum  to  the  action  of  water  on  certain  metallic 
carbides  which  have  been  formed  by  the  intense  heat  of  volcanoes. 
On  treatment  with  water,  most  of  these  carbides  yield  gaseous  hydro- 
carbons, especially  methane  or  acetylene,  and  it  has  been  proved  that 
the  latter  yield  a  petroleum-like  liquid  when  exposed  to  high  pressure 
and  temperature.  Since  petroleum  varies  greatly  in  composition,  ac- 
cording to  the  place  where  it  has  been  obtained,  it  is  possible  that  both 
hypotheses  are  true  {qf,  133). 


Homologous  Series. 

35.  Each  of  the  hydrocarbons  CnH,^^,  differs  in  composition 
from  the  rest  by  n  X  CH,,  as  is  at  once  seen  from  the  general 
formula.  It  has  been  already  pointed  out  that  this  difference 
exercises  but  a  slight  influence  on  their  chemical  properties. 

Whenever  organic  compounds  show  great  resemblance  in  their 
chemical  properties,  and  have  at  the  same  time  a  difference  in 
composition  of  n  X  CH, ,  they  are  said  to  be  homologous,  the  name 
homologous  series  being  given  to  such  a  group  of  compounds. 
Many  of  these  series  are  known,  as  will  be  seen  later. 

It  is  easy  to  understand  how  much  this  simplifies  the  study  of 
organic  chemistry.  Instead  of  having  to  consider  the  chemical 
properties  of  each  compound  individually,  it  is  sufficient  to  do  so 
for  one  member  of  a  homologous  series,  as  this  gives  the  principal 
characteristics  of  all  the  other  members.  In  addition  to  the 
main  properties  common  to  each  member  of  a  homologous  series, 
there  are  peculiarities  special  to  each  individual  member.  Except 
in  a  few  instances,  this  book  will  not  deal  with  these,  because 
they  only  need  to  be  considered  in  a  more  extensive  survey  of  the 
subject. 

36.  The  physical  properties,  such  as  the  melting-points  and 
boiling-points,  specific  gravities,  and  solubilities,  of  the  members  of 
a  homologous  series,  generally  change  uniformly  as  the  number  of 
carbon  atoms  increases.     In  general  it  may  be  said  that  the  melt- 
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ing-points  and  boiling-points  rise  from  the  lower  to  the  higher 
members  of  a  homologous  series. 

A  table  of  some  of  the  physical  constants  of  a  number  of 
normal  members  (40)  of  the  paraflSn  series  is  given  below. 

It  is  seen  from  this  table  that  the  first  four  members  are  gases 
at  the  ordinary  temperature,  those  from  Cg  to  Cj,  liquids,  and  the 
higher  members  solids.  Although  methane  is  odourless,  the  liquid 
members  have  a  characteristic  petroleum-like  smell;  the  solid 
members,  on  the  other  hand,  are  perfectly  free  from  smell.  They 
are  all  almost  insoluble  in  water. 


Formula. 

Name. 

CH4 

Methane 

C,H. 

Ethane 

CH. 

Propane 

C\H„ 

Butane 

C»H.a 

Pentane 

CtUj4 

Hexane 

CH.. 

Heptane 

CsHja 

Octane 

C,H,. 

Nonane 

C]oH«s 

Decane 

CiiHs* 

Undecane 

Ci«Hj« 

Dodecane 

Ci4Hao 

Tetradecane 

CmH34 

Hexadecane 

Cj«H4a 

Eicoeane 

CJIH44 

Heneicosane 

C»»H4g 

Tricosane 

C»iH44 

Hentriacontane 

C»»Ht« 

Pentatriacontane 

C«oHm 

Hexacontane 

MeltiDK. 
point. 


-186' 
-172.r 


81' 


:>; 


n<^t 


-  12** 
87 

4or 

48" 
68%  , 

76'''  ^ 


Boiling, 
point. 


£ 

-  84.?^ 

-  87';^7 

87%^, 


69' 
98* 

i26*r'ylö 
iw  — 

178' 
195' 


214*. '^0 
0 
0 
iO 
0 
0 
0 
0 


287* 
205*^* 

215'* 


831* 


Specific  Qravitjr. 


415(at-164') 
-446  (at  0*) 
586  (at  0°) 
.600  (at  0") 
.627  (at  14') 
.658  (at  20*) 
•683  ..  „ 
•702  „  ,. 
•718  „  ,. 
•780  „  „ 

.774  at  the  melting-point 
•778  „     „        „         „ 
•776  „     „ 

•  7/0  ,,  „  ,,  ,, 
•778  ,,  ,,  ,,  ,, 
•778  ,,     „        ,,         ,, 

•  *'"  f»  »»  *»  »» 
.701  ,,  f,  ,,  ,, 
•782  ,,    „         „         ,, 


*  At  15  mm.  pressure,  and  the  same  for  tliose  following:. 

It  should  be  further  remarked  that  the  differences  between  tlie 
melting-points  and  boiling-points  respectively  of  successive  mem- 
bers of  the  series  become  smaller  with  increase  in  the  number  of 
carbon  atoms.  This  phenomenon  is  usually  found  in  homologous 
series.  r . 


Isomerism  and  Structure. 

37.  There  is  only  one  substance  known  with  the  formula  CH^; 
this  is  methane.  Similarly,  there  is  only  one  compound  having  the 
formula  C^H, ,  and  one  with  the  formula  0,11^^    There  are,  how- 
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ever,  two  compounds  known  with  the  formula  C^Hj^;,  three  with 
the  formula  CjHj,,  five  with  the  formula  C^Hj^,  etc.  The  phe- 
nomenon of  two  or  more  compounds  being  represented  by  one 
formula  is  called  isomerism  (2)>  and  compounds  having  the  same 
formula  are  called  isatners.  This  is  explained  by  a  consideration 
of  the  way  in  which  the  atoms  are  grouped  in  the  molecule. 

One  of  two  hypotheses  may  be  adopted.  In  the  first  place,  the 
arrangement  of  the  atoms  may  be  regarded  as  continually  chang- 
ing, a  molecule  being  represented  as  like  a  planetary  system,  the 
configuration  of  which  changes  from  moment  to  moment.  This 
hypothesis,  however,  cannot  explain  the  phenomenon  of  isomerism; 
indeed,  it  is  not  apparent  how,  for  example,  the  four  carbon  atoms 
and  ten  hydrogen  atoms  in  butane  could  form  two  different  sub- 
stances if  the  arrangement  were  indeterminate,  for  there  are 
trillions  of  molecules  present  in  as  little  as  one  cubic  millimetre, 
and  all  the  possible  configurations  of  these  fourteen  atoms  must 
therefore  be  supposed. to  occur  every  moment» 

Isomerisn^  can  at  once  be  understood  by  assuming  that  there  is 
a  definite  and  unchanging  arrangement  of  the  atoms  in  the 
molecule,  because  the  difference  in  the  properties  of  isomeric 
compounds  may  be  then  explained  by  a  difference  in  the  arrange- 
ment of  equal  numbers  of  the  same  atoms. 

A  definite  and  unchanging  arrangement  of  the  atoms  in  a  mole- 
cule does  not  involve  their  being  immovable  in  relation  to  one  another. 
They  may  be  supposed,  for  example,  to  revolve  round  a  position  of 
equilibrinm  without  any  alteration  in  their  order  of  successioih 

38.  Since  the  phenomenon  of  isomerism  leads  to  the  assump- 
tion of  a  definite  arrangement  of  the  atoms  in  the  molecule,  it  is 
necessary  to  answer  the  question  as  to  what  the  arrangement  of 
the  atoms  in  the  molecules  of  different  compounds  U.  The  start- 
ing-point for  this  is  the  tetravalency  of  the  carbon  atom.  In  the 
caao  of  methane  the  arrangement  of  the  atoms  may  be  represented 

by  the  formula  C<jt,  in  which  the  four  linkings  of  the  carbon 

atom  aot,  as  it  were,. like  four  points  of  attraction,  each  one  hold- 
ing a  monovalent  hydrogen  atom  fast.    This  is  the  only  possiJ^ility, 
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because  the  hydrogen  atoms  cannot  be  bound  to  one  another,  since 
the  only  point  of  attraction,  or  single  linking,  of  each  of  them  is 
already  in  union  with  one  of  the  lin  kings  of  the  carbon  atom. 

We  shall  now  try  to  ascertain  the  arrangement  of  the  atoms  in 
ethane,  C,H^.  This  substance  can  be  obtained  by  the  action  of 
sodium  upon  methyl  iodide,  CH,I  (31).  We  have  here  a  tetra- 
valent  carbon  atom,  three  monovalent  hydrogen  atoms,  and  one 
monovalent  iodine  atom.     It  must  therefore  be  represented  thus: 

/^ 
\i 

Sodium  reacts  with  methyl  iodide  in  such  a  way  that  the  iodine 
atoms  are  abstracted  from  two  molecules,  with  formation  of 
ethane.  The  removal  of  the  iodine  atom  has  the  effect  of  setting 
free  the  carbon  linking  previously  attached  to  this  atom,  with  the 

^\ 

production  of  two  groups  H-^C — .     Since  the  formula  of  ethane 

is  C,Hg,  it  is  evident  that  the  only  possible  arrangement  of  its 
atoms  is  the  one  in  which  the  two  free  linkings  of  the  methyl- 
groups  are  united  to  one  another: 

H-^C— ce-H 

The  arrangement  of  the  atoms  in  propane  can  be  determined 
in  an  exactly  analogous  manner.  It  has  been  mentioned  (31)  that 
propane  is  formed  by  the  action  of  sodium  on  a  mixture  of  methyl 
and  ethyl  halides.  Since  ethane  can  be  prepared  in  the  way  men- 
tioned above,  the  formula  of  an  ethyl  halide  can  only  be 

where  X  represents  a  halogen  atom. 

Tf  i\w.  halogen  is  taken  away  from  this  and  from  methyl  iodide 
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at   the   same  time,  the  residnes  unite  together,   showing  that 
propane  has  the  following  stmctnre: 

H 

H/      ^      \H 

or  shortly  H,C  •  CH/  CH,. 

An  arrangement  of  symbols  like  this,  which  expresses  the  con- 
figuration of  the  atoms  in  a  molecule,  thus  indicating  the  form  or 
structure,  is  called  a  structural  or  constitutional  formula. 

39.  The  following  example  makes  it  clear  how  cases  of  isomer- 
ism can  be  explained  by  differences  in  structure.  Among  the  five 
known  hexanes  there  is  one  which  boils  at  69°  and  has  a  specific 
gravity  of  0-6583  at  20-9°,  and  another  which  boils  at  öS""  and  has 
a  sj>€cific  gravity  of  0-6701  at  17-5°.  The  first  is  obtained  by  the 
action  of  sodium  on  normal  propyl  iodide,  CHj-CHj.CH,!.  It 
follows  from  what  has  been  said  above  that  this  hexane  must  have 
the  structure 

CH, .  Cn, .  CH,— CÏÏ, .  CH, .  CH,. 

It  is  called  dipropyl,  on  the  assumption  that  it  has  been  formed 
by  the  union  of  two  propyl-groups. 

In  addition  to  this  normal  propyl  iodide,  an  isomer  is  known 
having  the  name  isopropyl  iodide.  Both  compounds  can  be 
easily  converted  into  propane,  CH,.  CH,«  CH,.  Assuming  that  the 
isomerism  is  due  to  a  different  arrangement  of  the  atoms  in  the 
molecule,  it  follows  that  the  isomerism  of  the  two  compounds 
C,H^I  can  only  be  explained  by  a  difference  in  the  position  occu- 
pied by  the  iodine  atom  in  the  molecule,  because  the  arrangement 
of  the  atoms  in  propane  is  known,  and  the  propyl  iodides  only 
differ  from  propane  in  having  one  of  the  hydrogen  atoms  in  the 
latter  replaced  by  iodine.  Isopropyl  iodide  must  therefore  have 
the  structure 

H 
CHj.CCH,, 

i 

if  the  constitution  of  normal  propyl  iodide  is  CH,.CH,.CH,I. 
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The  hexane  boiling  at  58°  is  produced  by  the  action  of  sodium 
on  isopropyl  iodide.  From  this  method  of  formation  it  is  evident 
that  this  hexane  has  the  structure 

CH,.CH.CH,  CH,^  CH, 

For  this  reason  it  is  called  di-isopropyl 


Carbon  Chains. 

40.  It  is  eyident  from  the  foregoing  that  the  facts  necessitate 
the  assumption  of  a  bond  between  carbon  atoms  in  the  mole- 
cules of  organic  compounds.  Tins  bond  is  a  very  strong  one,  for, 
as  we  have  already  seen  (31),  the  saturated  hydrocarbons  resist 
the  action  of  powerful  chemical  reagents.  The  property  possessed 
by  carbon  atoms  of  combining  together  to  form  a  series  of  many 
atoms,  a  carbon  chain,  like  that  in  the  hexanes  above  described, 
furnishes  a  marked  distinction  between  them  and  the  atoms  of  all 
the  other  elements,  which  either  have  not  this  power,  or  only  in  a 
very  inferior  degree.  The  fact  that  the  number  of  carbon  com- 
pounds is  so  enormous  is  due  to  this  property,  in  conjunction  with 
the  tetravalency  of  the  carbon  atom. 

A  carbon  chain  like  that  in  normal  hexane  (dipropyl)  is  said 
to  be  normal.  On  the  other  hand,  there  is  the  branched  chain,  an 
example  of  which  is  furnished  by  di-isopropyl.  Each  carbon  atom 
in  the  normal  chain  is  linked  directly  to  not  more  than  two  others; 
in  branched  chains  there  are  carbon  atoms  which  are  directly 
linked  to  three  or  four  others.  A  normal-chain  compound  is 
usually  denoted  by  putting  n  before  its  name;  branched-chain 
compounds  are  often  distinguished  by  the  prefix  iso, 

A  few  other  definitions  may  find  a  place  here.  A  carbon  atom 
which  is  only  linked  to  one  other  carbon  atom  is  called  primary. 
If  it  is  linked  to  two  carbon  atoms  it  is  named  secondary;  if  to 
three,  tertiary;  if  to  four,  quaternary,  A  carbon  atom  situated 
at  the  end  of  a  chain  is  caUed  terminal.  The  carbon  dtoms  of  a 
chain  are  distinguished  by  numbers^  the  terminal  one  being 
denoted  by  1,  the  one  next  it  by  2,  etc. ;  for  example, 

CH,.CH,.Cn  .CH.. 
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Sometimes  the  terminal  atom  is  denoted  by  co,  the  one  linked  to 
it  by  a,  and  the  succeeding  one  by  /?,  etc. 

Law  of  the  Xran  Viimberi  of  Atomi. — The  number  of  hydrogen  atoms 
in  the  saturated  hydrocarbons  mast  be  an  even  one,  since  their  formula 
is  CnHsn+s.  All  other  organic  compounds  may  be  regarded  as  being 
derived  by  the  exchange  of  these  hydrogen  atoms  for  other  elements 
or  groups  of  atoms,  or  by  the  removal  of  an  eyen  number  of  hydrogen 
atoms,  or  by  both  causes  simultaneously.  It  follows  from  this  that 
the  sum  of  the  atoms  with  uneven  valency  (hydrogen,  the  halogens, 
nitrogen,  phosphorus,  etc.)  must  always  be  an  even  number.  The 
molecule  of  a  substance  whose  empirical  composition  is  C»H«NOs  must 
be  at  least  twice  as  great  as  this,  because  2H  +  IN  is  uneven. 


-7^ 


Vumber  of  Possible  Isomers. 


41.  The  tetravalency  of  the  carbon  atom,  coupled  with  the 
principle  of  the  formation  of  chains  of  atoms,  not  only  enables  us 
to  account  for  the  isomers  which  are  known  to  exist,  but  also  puts 
us  in  the  position  of  being  able  to  predict  the  existence  of  com- 
pounds.    For  a  compound  C^H,,,,  for  example,  either  the  structure 

PTT 
CH,.CH,.CH,.CH,  or  ^g»>CH.CH,  may  be  assumed,  and  in 

this  case  there  are  no  further  possibilities.    Pentane  may  have  the 
following  structural  formulaB: 

(1)  CH,.CH,.CH,.CH,.CH,;   (2)  CH,.CH,.CH<g|»; 

(^)  cS:>c<gH:. 

For  hexane  the  following  five  are  possible: 

^1)  CH,-CH,-CH,.CH,.CH,.C5,;  (2)  CH,.CH,.CH,.Ca<g|«; 

^  (3)  CH,.CH,.CH..CH,.CH,;  (4)  CH,.CH.CH.CH,r 
CH,  CH,CH, 

(5)  CH,.CH,.C^CH,.  ^ 

If  the  principles  given  above  be  assumed,  it  will  be  impossible  to 
find  structural  formul»  other  than  those  mentioned. 

Should  it  be  possible  to  actually  obtain  the  same  number  of 
isomers  as  can  be  thus  predicted,  and  no  more,  and  should  the 
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products  of  synthesis  or  decomposition  of  the  existing  isomers 
necessitate  the  assumption  of  the  same  structural  formulsB  as  those 
required  by  the  theory,  these  facts  constitute  a  very  important 
confirmation  of  the  correctness  of  the  principles  upon  which  the 
theory  is  based.  This  has  in  fact  been  proved  to  hold  good  in 
numerous  instances,  and  therefore,  on  the  other  hand,  affords  an 
important  means  for  determining  the  structure  of  a  compound, 
because  if  all  the  structural  formulae  which  are  possible  for  tlie 
compound  according  to  the  theory  are  considered,  one  of  them 
will  be  found  to  be  that  of  the  substance. 

In  very  many  cases  the  number  of  isomers  actually  known 
is  much  smaller  than  that  which  is  possible.  This  is  due  to 
the  fact  that  the  number  of  possible  isomers  increases  very 
quickly  with  increase  of  the  number  of  carbon  atoms  in  the  com- 
pound. Cayley  has  calculated  that  there  are  nine  possible 
isomers  for  C^II,^,  eighteen  for  C^H^g,  thirty-five  for  C^H^^, 
seventy-five  for  Cj^^H^, ,  one  hundred  and  fifty-nine  for  C^H,^ ,  three 
hundred  and  fifty-four  for  Cj^H^^,  eight  hundred  and  two  for 
CjjH^j,  etc.  Chemists  have  not  tried  to  prepare,  for  example, 
every  one  of  the  eight  liundred  and  two  possible  isomers  of  the 
formula  CjjH^,  because  their  attention  has  been  occupied  by  more 
important  problems.  There  can,  however,  be  no  doubt  as  to  the 
possibility  of  obtaining  all  these  compounds,  because,  as  mentioned 
above,  the  methods  for  building  them  up  are  known,  and  there 
would  therefore  be  no  theoretical  difficulties  in  the  way  of  these 
experiments,  though  there  might  be  hindrances  of  an  experimental 
nature. 

Physical  Properties  of  Isomeric  Compounds. 

42.  The  normal  compound  has  the  highest  boiling-point  among 
the  different  isomers,  and  this  rule  holds  good  in  general  for 
homologous  series  other  than  that  of  the  methane  hydrocarbons. 

Example.  Normal  hexane  boils  at  69°,  and  the  boiling-points 
of  the  different  isomers  are: 

Methyldiethylmethane:  (C,H5),CR.  CH,  B.P.  64^ 

Ethylisobutjl:  C,Hj..CH,.CH(CH,),       *  „     62°. 

Di-isopropyl:  (CH,),CH.CH(CH,),  „     58°. 

Trimethylethylmethane:  (CH,)3C-C,H^  „     46°. 


ALCOHOLS,   C„H,„^,0. 

Methods  of  Formation  and  Constitntion. 
43.  The  members  of  this  homologous  series  can  be  obtained 
by  the  action  of  silver  hydroxide  on  the  alkyl  halides : 

aH,„^,I  +  AgOH  =  C,H,„^,0  +  Agl. 

It  is  usual  to  bring  an  alkyl  iodide  in  contact  with  moist  oxide 
of  silver,  of  which  the  portion  dissolved  in  the  water  reacts  like 
silver  hydroxide  (**  Inorganic  Chemistry/'  246).  The  preparation 
of  the  alcohol  from  the  iodide  can  also  be  effected  by  heating  it 
with  excess  of  water  at  100° : 

C,H,I  +  H,0  =  C,H.O  +  HI. 

When  sodium  reacts  with  an  alcohol  CnHj„^,0,  one  gramme- 
atom  of  free  hydrogen  is  liberated  from  each  gramme-molecule  of 
the  alcohol,  and  a  compound  called  sodium  alcoholate  with  the 
formula  CnHj^.jNaO  is  produced,  which  decomposes  in  presence  of 
excess  of  water  into  XaOH  and  an  alcohol.  The  sodium  has  thus 
replaced  one  atom  of  hydrogen,  and  neither  it  nor  any  other 
metal  can  replace  more  than  one  hydrogen  atom;  if  excess  of 
sodium  is  added,  it  remains  unacted  upon.  It  follows  that  there 
is  only  one  hydrogen  atom  in  th^  alcohol  which  is  replaceable  by 
sodium.  ^ 

When  an  alcohol  is  treated  with  trichloride  or  pentachloride 
of  phosphorus,  an  alkyl  chloride  is  formed : 

3C„H^.,0  +  PCI,  =  3C„H,„„C1  +  H,PO.. 

We  shall  endeavour  to  deduce  the  constitution  of  the  alcohols 
from  these  facts.  Silver  hydroxide  can  only  have  the  structure 
Ag — O — H,  its  divalent  oxygen  atom  being  linked  to  its  monovalent 
silver  and  hydrogen  atoms.  When  silver  hydroxide  is  brought 
into  contact  with  an  alkyl  iodide,  the  reaction  must  be  supposed 
to  take  place  in  such  a  way  that  on  the  one  hand  the  iodine 
atom  is  set  free  from  the  alkyl-group,  and  on  the  other  hand,  the 
éilver  atom  from  the  hydroxyl-group.  The  alkyl-group  and  the 
hydroxyl-group  are  thus  afforded  the  opportunity  of  uniting  with 
one  another  by  means  of  the  linking  which  has  been  set  free  in 
each  of  them: 


C,H^,,  [r+AgOH^C.H,„,,-OH. 
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This  method  of  formation  proves  that  the  alcohols  contain  a 
hydroxyl-group;  their  preparation  from  alkyl  iodides  and  water 
leads  also  to  the  same  conclusion,  which  is  further  supported  by 
the  two  properties  of  alcohols  mentioned  above.  It  is  evident  that 
if  their  structure  is  expressed  by  CnH,„^j  •  OH,  all  the  hydrogen 
atoms  present,  except  one,  are  linked  directly  to  carbon,  while  one 
hydrogen  atom  occupies  a  special  position  in  the  molecule,  being 
attached  to  the  oxygen  atom,  which  in  its  turn  is  united  through 
its  second  linking  to  a  carbon  atom.  It  is  only  natural  to  suppose 
that  the  special  position  occupied  by  this  hydrogen  atom  is  accom- 
panied by  a  special  property,  that  of  being  the  only  one  of  all  the 
hydrogen  atoms  which  is  replaceable  by  alkali-metals.  Moreover, 
sodium  sets  free  hydrogen  from  another  compound  which  without 
doubt  contains  a  hydroxyl-group;  this  compound  is  water,  for 
which  no  other  constitution  is  possible  than  H — 0 — H. 

The  fact  that  the  alcohols  are  converted  into  alkyl  chlorides 
by  the  action  of  the  chlorides  of  phosphorus  is  perfectly  in  accord 
with  their  containing  a  hydroxyl-group.  It  is  seen  at  once  from 
the  empirical  formulae  CnH,„^jO  and  C„H,„^jX,  that  the  halogen 
has  replaced  OH.  It  may  be  assumed  that  in  this  reaction  the 
hydroxyl  of  the  alcohol  has  changed  places  with  the  chlorine  of 
the  phosphorus  compound : 

3(C„H,„^,.0H)  +  C1,P. 


A  consideration  of  the  possible  constitutional  formulae  for  sub- 
stances having  the  general  molecular  formula  CnH,n+,0  reveals  the 
fact  that  on  account  of  the  way  in  which  the  oxygen  atom  is 
linked,  only  two  formulae  are  possible;  thus,  the  compound  0,11^0 
could  be  either 

I.   CH,.CH,.OH,     or    11.  CH,.O.CH,. 

Since  all  the  hydrogen  atoms  in  the  second  formula  have  the 
same  value,  it  cannot  be  the  one  representing  an  alcohol,  as  it  would 
not  account  for  a  very  important  property  of  these  compounds, 
the  action  of  the  alkali-metals  upon  them.  The  action  of  silver 
hydroxide  on  an  alkyl  iodide,  or  that  of  PCI,  on  an  alcohol,  would 
accord  equally  ill  with  this  formula,  whereas  formula  I  explains 
these  reactions  fully;  it  must  therefore  be  adopted. 
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The  constitutional  formulae  of  the  alcohols  have  thus  been 
deduced  from  their  properties.  Inversely,  the  constitutional  f  ormu- 
1<B  account  for  all  the  cliemical  properties  of  the  compounds,  being 
simply  a  short  way  of  expressing  them.  It  is  easy  to  see  how 
valuable  these  formulae  are;  because,  if  it  is  possible  to  derive  a 
structural  formula  by  studying  some  of  the  properties  of  a  *com- 
ponnd,  it  will  be  possible  from  this  to  deduce  its  other  properties. 
The  existence  of  properties  indicated  in  this  way  has  in  numerous 
instances  been  established  by  experiment. 

Nomenolature  and  Itomerism. 

44.  The  alcohols  of  this  series  are  named  after  the  alkyl-groups 
contained  in  them;  for  example,  methyl^  ethyl^  propyl,  etc.,  alcohol. 

Isomerism  may  arise  in  three  ways:  by  branching  of  the  carbon 
chains,  through  the  position  of  the  hydroxyl-group,  or  through 
both  these  causes  simultaneously. 

This  is  seen  from  the  following  table  of  the  isomeric  alcohols 
C,  to  C,: 


Name. 

Formul&. 

Boilfngr- 
polnt. 

Spedlle  Qravity 

aiao». 

(d4«*). 

1.  Normal 

CH«.CH,.CH,OH 

O?*» 

0.804 

2.    I80 

CH,.OHOH.CH, 

SV 

0.789 

Buiyl  alcohoU  C4H„0 
1.  Normal  primary 

CH,.CH,.CH,.CH,OH 

117^ 

0.810 

2,         ,,       secondary 

CH,.CH,.CHOH.CH, 

100* 

8.  Iflo 

(CH,),CB[.CH,OH 
(CH,),C.OH 

107*'  • 

0.806 

4.  Trimethylcarblnol 

88' 

0.786 

AmwlakahoU  Ct^itO 

1.  Normal  primary 

2.  laobiitylcarbinoi 

-S.  Secondary  butylcarbinol 

CH,.(CH,),.CH,OH    . 

(CH,),CH.CH..CH^H 

CH,.CH(C,H,).CH,OH 

188' 
131» 

0.815 
0.810 

128» 

4.  Methylpropylcarbinol 

CH,.(CH,),.CHOH.CH, 

119' 

5.  Metbylisopropylcarbinol 

(CH,),CHCHOH.CH, 
C,H..CHOH.C,H, 

112.5» 

S.  Diethylcarbinol 

117- 

7.  Dimetliylethylcarbinol 

(CH.).C(OH).C,H. 
(CH,),C.CH«OH 

102» 

8.  Tertiary  butylcarbinol 

112» 

The  names  containing  carbinol  have  reference  to  the  fact  that 
all  alcohols  may  be  looked  upon  as  methyl  alcohol  (carbinol),  in 
which  one  or  more  of  the  hydrogen  atoms,  with  the  exception 
of  the  one  in  the  hydroxyl-group,  are  replaced  by  alkyl-groups. 
In  this  way,  isobutyl  alcohol  is  called  isopropylcarbinol,  secondary 
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butyl  alcohol  methyleihylcarbinol,  and  normal  butyl  alcohol  n-pro- 
pylcarbinol,  etc. 

As  is  evident  from  the  above  examples^  a  primary  alcohol  is 
one  in  which  the  hydroxyl-group  is  linked  to  a  primary  carbon 
atom  (40) ;  while  in  a  secondary  or  a  tertiary  alcohol  the  hydrozyl 
is  linked  to  a  secondary  or  a  tertiary  carbon  atom  respectively. 
Similarly^  compounds  which  may  be  regarded  as  having  been  pro- 
duced by  replacement  of  hydrogen  linked  to  a  primary,  secondary, 
or  tertiary  atom  are  called  primary,  secondary,  or  tertiary  com- 
pounds.    Thus  primary  alcohols  are  represented  by  the  general 

formula  C„H,^+,— CH,OH,    secondary  by  C„H^,,— C^C„H,„^,, 

and  tertiary  by 

CnjHjnj^j-^C OH. 


General  Properties  of  the  Alcohols. 

46.  Some  of  the  physical  properties  of  the  alcohols  are  given 
in  the  following  table,  which  includes  only  normal  primary  com- 
pounds : 


Name. 

Formula. 

Specific  Gravity 
do. 

Boiling-point. 

Difference  of  the 
Boiling-points. 

Methyl  alcohol 
Ethyl 

CH,OH 

0812 

66' 

12- 
10* 
20« 
20» 
20- 
18* 
16: 
22 

CH.OH 

0-806 

78' 

W  :: 

CHtOH 

0-817 

Ö7* 

C4H,0H 

0-828 

117' 

Amyl 

C,H„OH 

0-889 

187'        ^ 

H6xyl 

C.H„OH 

0888 

157-     ^ 

Heptyl      ,. 

CtH.,OH 

0-886 

175* 

Octyl 

CHmOH 

0-S89 

19V 

Nonyl 

C.H.,OH 

0-842 

213- 

It  is  seen  that  there  is  an  increase  in  the  boiling-point  of  about 
K^  20°  for  every  additional  CH,  in  the  formulsB.  A  similar  regularity 
is  found  in  other  homologous  series.  This  table,  together  with 
that  on  page  51,  shows  that  the  normal  compounds  have  the 
highest  boiling-points;  and  this  also  holds  good  for  the  hydrocar- 
bons (42). 

The  lower  alcohols  (C^  ■—  CJ  are  mobile  liquids,  the  middle 
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onee  (Cj  —  C^j)  are  of  a  more  oily  nature,  while  the  higher  mem- 
bers are  solid  at  the  ordinary  temperature;  all  are  colourless,  at. 
least  in  thin  layers.  In  thick  layers  they  are  slightly  yellow,  the 
colour  becoming  more  marked  with  increase  in  the  number  of 
carbon  atoms.  The  first  members  (Cj  —  C,)  are  miscible  in  all 
proportions  with  water,  but  the  solubility  of  the  higlier  members 
diminishes  quickly  as  the  number  of  carbon  atoms  increases. 

The  lower  members  have  a  spirituous  smell,  and  the  middle 
ones  a  disagreeable  one,  while  the  solid  members  are  odourless. 
Their  specific  gravity  is  less  than  1. 

^  Methyl  Alcohol,  CH,OH. 

46.  This  substance  is  obtained  on  the  large  scale  by  the  dry 
distillation  of  wood  in  iron  retorts  at  as  low  a  temperature  as 
possible;  or  better,  by  treatment  of  wood  with  hot  producer-gas, 
which  is  a  mixture  of  carbon  monoxide  and  nitrogen,  obtained 
by  passing  air  over  coke  at  a  white  heat.  To  these  methods  of 
preparation  the  substance  owes  its  name  wood'Spirit.  The 
products  of  the  distillation  are  gases,  an  aqueous  liquid,  and  tar. 
The  aqueous  solution  contains  methyl  alcohol,  along  with  a 
number  of  other  substances,  of  which  the  chief  are  acetic  acid  and 
acetone.^  The  acetic  acid  is  made  to  combine  with  lime,  and  the 
methyl  alcohol  purified  by  fractional  distillation,  and  other  methods. 
It  is  used  in  commerce  in  the  preparation  of  aniline  dyes  and 
formaldehyde,  for  the  denaturation  of  spirit  so  as  to  render  it  unfit 
for  drinking  purposes  (48),  etc. 

Methyl  alcohol  bums  with  a  pale-blue  flame,  and  is  miscible 
with  water  in  all  proportions,  the  mixing  being  accompanied  by 
contraction  and  the  development  of  heat.  Its  melting-point  is 
—  93.9°;  its  other  physical  properties  will  be  found  in  the  table 
on  page  52. 

^thyl  Alcohol,  C,H,OH. 

47.  This  is  ordinary  alcohol,  and  is  prepared  artificially  in 
enormous  quantities.  Its  preparation  depends  upon  a  property 
possessed  by  (/lucose,  a  sugar  with  the  formula  C^Hj^O^ ,  of  decom- 
posing into  carbon  dioxide  and  alcohol  in  presence  of  yeasi-ceUs : 

C.H..O.  =  2C,H.O  +  2C0,. 
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About  95^  of  the  glucose  decomposes  according  to  this  equation ; 
a  number  of  higher  alcohols  of  this  series,  chiefly  amyl  alcohols, 
CjH^jOH,  are  fonAed  as  by-products,  together  with  glycerol,  stic- 
dnic  acid,  etc. 

In  the  technical  manufacture  of  alcohol,  this  sugar  itself  is  not 
used  as  a  basis,  owing  to  its  being  too  costly.  Some  substance 
rich  in  starch,  (C^Hj^Oj),,  such  as  potatoes,  grain,  etc.,  is  used 
instead.  By  the  action  of  enzymes,  the  starch  is  almost  completely 
conyerted  into  maltose,  C„Hj,Ojj ,  one  molecule  of  this  compound 
being  then  converted  into  two  molecules  of  glucose  by  the  action 
of  one  molecule  of  water ; 

CH„0„  +  H,0  =  2CH„0.- 

Maltose  Olucose 

Enzymes  are  chemical  compounds  (unorganized  ferments)  which 
have  the  property,  when  certain  substances  are  brought  into  contact 
with  small  quantities  of  them,  of  causing  these  substances  to  decom- 
pose, in  most  cases  with  addition  of  the  elements  of  water.  Their 
constitution  and  the  way  in  which  they  act  are  both  unknown  (222). 

The  particular  enzyme  which  is  used  in  the  technical  manufac- 
ture of  maltose  from  starch  is  called  diastase;  it  is  present  in 
sprouting  barley.  The  reaction  to  which  it 
gives  rise  is  called  saccharification.  When 
potatoes  are  used,  they  are  first  made  into 
a  thin,  homogeneous  pulp  by  treatment  with 
steam  under  pressure  at  140°  to  150°,  sprout- 
ing barley  being  then  added  after  cooling. 
At  a  temperature  of  60°  to  62°,  the  decom- 
position into  maltose  is  completed  in  twenty 
minutes. 

After  the  maltose  solution  has  been  pre- 
pared, yeast  is  added,  and  the  fermentation 
carried  on  at  a  temperature  below  33°.     In 

order  to  separato 
the  resulting  al- 
cohol from  the 
other  substances 
which  are  pres- 
ent, the  product 
Pio.  23. -Fraction ATiNG-coLüMN.  jg    submitted    to 

distillation;  hj  u%mg  ^  fractionating-column  (Fig.  23),  alcohol  of 
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90^^  strength  can  be  obtained,  although  the  concentration  of  the 
alcohol  in  the  fermented  liquid  does  not  exceed  18^. 

The  thin  liquid  residue  remaining  in  the  still  is  called  spent 
wash,  and  is  used  for  feeding  cattle;  it  contains,  amongst  other 
things,  almost  all  the  albuminous  substances  present  in  the 
material  from  which  the  spirit  has  been  manufactured. 

The  crude  spirit  (low  wiyies)  so  prepared  is  again  carefully 
fractionated,  when  alcohol  of  96^  by  volume  {spirits)  is  obtained. 
The  fractions  of  higher  boiling-point  consist  of  an  oily  liquid  with 
an  unpleasant  smell,  which  is  called  fusel  oil,  and  contains  chiefly 
amyl  alcohols  and  other  homologues.  The  residue  is  called  spent 
lees. 

Alcoholic  beverages  have  long  been  known.  They  are  classified 
into  two  main  divisions,  those  that  have  been  distilled  and  those  that 
have  not.  To  the  first  class  belong  brandy  {40-50jif  alcohol),  gin 
(alcohol  distilled  with  juniper  berries),  cognac  (obtained  by  distilling 
wine,  above  60jt  alcohol),  etc.  The  second  class  includes  beer  (8-4j( 
alcohol),  wine  (8*5-1 0$t  alcohol),  madeira  (up  to  2\%  alcohol),  etc. 

48.  The  alcohol  of  commerce  {spirits  of  wine)  always  contains 
water.  In  order  to  obtain  anhydrous  or  absolute  alcohol  from  this, 
lumps  of  quicklime  are  added  to  spirit  containing  a  high  per- 
centage of  alcohol,  until  the  quicklime  shows  itself  above  the  sur- 
face of  the  liquid.  The  latter  is  then  allowed  to  stand  for  some 
days,  or  boiled  for  several  hours  under  a  reflux-condenser  (18), 
after  which  it  is  distilled.  The  preparation  is  much  facilitated, 
and  the  loss,  which  is  rather  large  by  this  method,  is  reduced 
to  a  minimum,  by  introducing  a  spirit  of  high  percentage  along 
with  a  little  quicklime  into  a  vat,  which  is  then  closed  by  a  screw 
top,  and  heated  some  hours  at  100°  in  a  water-bath;  the  spirit 
is  then  distilled.  In  order  to  prepare  absolute  alcohol  from  dilute 
alcohol,  the  latter  must  first  be  concentrated  by  distilling  it  from 
a  water-bath.  This  can  also  be  effected  by  the  addition  of  solid 
potassium  carbonate,  which  causes  the  liquid  to  separate  into  two 
layers,  the  aqueous  one  below  and  the  alcoholic  one  above ;  alcohol 
of  91  'b^  by  weight  is  thus  obtained. 

Absolute  alcohol  is  a  mobile,  colourless  liquid,  with  a  charac- 
teristic smell.  It  solidifies  at  —  112*3°,  and  burns  with  a  pale- 
blue,  non-luminous  flame.  It  is  very  hygroscopic,  being  miscible 
witli  water  in  all  proportions  with  contraction  and  rise  in  tem- 
perature.    The  maximum  contraction  is  obtained  by  mixing  52 
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volumes  of  alcohol  with  48  volumes  of  water,  the  volume  of  the 
resulting  mixture  at  20°  being  96*3  instead  of  100. 

A  test  for  absolute  alcohol  is  its  behaviour  with  anhydrous 
copper  sulphate,  which  remains  perfectly  colourless  when  in  contact 
witji  it,  whereas  if  the  slightest  trace  of  water  is  present,  the  copper 
sulphate  develops  a  light-blue  colour  after  several  hours.  The 
specific  gravity,  a  physical  constant  which  is  often  used  to  ascertain 
the  purity  of  liquid  compounds,  may  also  be  employed  for  the  same 
purpose. 

On  account  of  the  great  importance  which  a  knowledge  of  the 
amount  of  alcohol  in  mixtures  of  water  and  alcohol  has  for  indus- 
trial and  fiscal  purposes,  it  is  necessary  to  have  a  method  for 
quickly  and  easily  determining  this.  Different  chemists,  among 
them  vox  Baumhauer,  have  shown  that  the  determination  of  the 
specific  gravity  and  the  temperature  of  such  a  mixture,  affords  the 
easiest  method  of  effecting  this.  For  this  purpose  a  table  has  been 
prepared  with  great  accuracy,  showing  the  specific  gravities  of  mix- 
tures of  alcohol  and  water  from  0^  to  100^^  at  temperatures  between 
0°  and  30°.  When  the  specific  gravity  and  temperature  of  a  given 
mixture  have  been  determined,  the  percentage  of  alcohol  may  be 
found  by  reference  to  the  table.  The  specific  gravity  is  usually 
determined  in  practice  with  a  delicate  hydrometer. 

In  commerce  and  in  the  arts,  the  amount  of  alcohol  is  usually 
expressed  on  the  Continent  of  Europe  in  volume-percentage^  or  the 
number  of  Utres  of  absolute  alcohol  contained  in  100  litres  of  the 
aqueous  solution.*    For  scientific  purposes  it  is  usually  expressed  in 

*  Id  Great  Britain  the  standard  is  proof-êpiriU  This  name  is  derived  from 
the  old  method  of  testing  spirit  by  moistening  gunpowder  with  it.  and  then 
bringing  the  mixture  into  contact  with  a  lighted  match.  If  the  alcohol  were 
"  under  proof,"  the  powder  did  not  take  fire,  but  if  tiiere  were  sufficient  alco- 
hol present,  the  application  of  the  light  ignited  the  gunpowder,  the  spirit 
being  then  ''over  proof.  *  When  the  proportions  of  alcohol  and  water  were 
such  that  it  was  jast  possible  to  set  fire  to  the  powder,  the  sample  was  de- 
scribed as  "proof-spirit."  When  the  spirit  is  weaker  than  proof-spirit  it  is 
said  to  be  under  proof,  and  when  stronger  than  proof-spirit  is  said  to  be  over 
proof;  for  example,  a  spirit  which  is  5**  under  proof  would  contain  in  each  100 
volumes  the  same  quantity  of  alcohol  as  that  contained  in  05  volumes  of  proof - 
spirit,  and  a  spirit  5*  over  proof  would  need  5  volumes  of  water  added  to  each 
100  volumes  to  convert  it  into  proof- spirit.  By  act  of  Parliament  'proof- 
spirit  '*  is  defined  as  "  such  a  spirit  as  shall  at  a  temperature  of  51**  F  weigh 
exactly  {f  of  an  equal  measure  of  distilled  water.  "  This  corresponds  to  a 
spirit  containing  57-1JÊ  of  alcohol  by  volume,  or  4d'd%  by  weight.— Translator. 
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percentage  by  weight,  or  the  number  of  grammes  of  alcohol  contained 
in  100  grammes  of  the  aqueous  solution.  These  percentage-numb<*rs 
are  not  the  same,  because  contraction  takes  place  when  alcohol  and 
water  are  mixed,  so  that  the  percentages  by  weight  are  smaller  than 
those  by  volume  for  a  spirit  of  any  given  concentration. 

The  greater  part  of  the  alcohol  produced  is  consunaed  in  the 
form  of  beverages,  the  detrimental  physiological  effects  of  which 
are  augmented  by  the  impurities,  especially  fusel  oil,  which  they 
contain.  Alcohol  is  used  in  commerce  for  the  preparation  of 
lacquers,  varnishes,  dyes,  important  pharmaceutical  preparations 
(chloroform,  chloral,  iodoform,  etc.);  it  is  also  employed  for  the 
preservation  of  anatomical  specimens.  Alcohol  is  a  good  solvent 
for  many  organic  compounds,  and  is  widely  employed  in  laboratory 
work  for  this  purpose. 

On  account  of  the  extensive  use  of  alcohol  for  manufacturing- 
processes,  the  industries  in  which  it  is  employed  would  be  para- 
lyzed if  the  necessary  spirit  were  subject  to  the  same  excise  duty 
as  alcohol  intended  for  consumption.  The  alcohol  used  in  manu- 
factures in  some  countries  *  is  accordingly  made  unfit  for  drink- 
ing (denatured  or  methylated)  by  the  addition  of  materials  which 
impart  to  it  a  nauseous  taste,  and  is  sold  duty-free.  On  the  con- 
tinent of  Europe  crude  wood  spirit  is  used  for  this  purpose,  and  in 
Great  Britain  this  is  supplemented  by  the  addition  of  a  small 
quantity  of  paraffin  oil. 

A  test  for  ethyl  alcohol  is  the  formation  of  iodoform  on  the  addi- 
tion of  iodine  and  caustic  potash  (152). 

Propyl  Alcohols. 

49.  Two  propyl  alcohols  are  known,  one  boiling  at  97''  and 
having  a  specific  gravity  of  0 '804,  the  other  boiling  at  81°  and 
having  a  specific  gravity  of  0*789.     In  accordance  with  the  prin- 
ciples which  have  been  stated,  only  two  isomers  are  possible : 
CH,.CH,.CH,OH,    and   CH  .CH(OH).CH,, 

Normal  propyl  alcohol  isopropyl  alcohol 

^The  sale  of  duty-free  alcohol  is  not  permitted  in  the  United  States ;  a  tax 
is  leried  of  $1.10  per  proof  gallon  (50j£  alcohol  by  volume),  or  $2.07  per  stand- 
ard gallon  (281  cable  inches  of  94^  alcohol  by  volame),  and  is  a  heavy  burden 
OD  many  indastrles.  The  duty  is  much  higher  in  Great  Britain,  being  lis.  per 
gallon  of  proof-spirit  (British  standard,  p.  56),  but  this  disadvantage  is  in  some 
measare  ooanterbalanced  by  the  sale  of  duty-free  methylated  spirit  for  manu- 
facturing purposes. — Translator. 
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Which  structure  has  to  be  assigned  to  the  substance  with  the 
higher  boiling-point,  and  which  to  that  with  the  lower,  may  be 
determined  by  submitting  the  substances  to  oxidation.      From 
each  of  these  alcohols  is   thus   obtained  a  compound  with  the 
formula  CjHjO,  but  these  oxidation-products  are  not  identical. 
When  they  are  further  oxidized,  the  compound  C,HjO   (propion- 
aldehyde),  obtained  from   the  alcohol   of   higher  boiling-point, 
yields  an  acid  G,H,0,,  called  propionic  acid;  whereas  the  substance 
CjH^O  (acetone),  obtained  from  the  alcohol  with  the  lower  boiling- 
point,  is  converted  into  carbon  dioxide  and  acetic  acid,  C^H^O,: 
C5H3O  (propyl  alcohol  B.P.    97°)— >C,H,0    (propionaldehyde) -^ 
— ♦CjHjO,  propionic  acid. 
C,HgO  (isopropyl  alcohol  B.P.  81°)— ►C,H,0  (acetone)-* 
-^CO,  +  C,H,0,  acetic  acid. 

Propionic  acid  has  the  constitution  CHj-CH,'COOH,  and 
acetone  CH,«  CO  •  CH, ,  as  will  be  shown  later.  It  will  be  observed 
that  the  normal  alcohol  ^one  is  capable  of  forming  propionic 
acid,  because  the  production  of  this  substance  must  be  due  to  the 
replacement  of  two  hydrogen  atoms  by  one  oxygen  atom,  which  in 
the  normal  alcohol  can  only  give  rise  to  a  compound  having  the 
structure  assigned  to  propionic  acid.  On  the  other  hand,  the  forma- 
tion of  a  substance  having  the  structure  of  acetone  by  removal 
of  two  hydrogen  atoms  from  a  compound  CjHgO  is  only  possible 
when  it  has  the  constitution  of  isopropyl  alcohol.  The  alcohol 
of  higher  boiling-point  must  therefore  have  the  normal  structure, 
and  that  boiling  at  the  lower  temperature  must  be  isopropyl  alcohol. 

Oxidation  affords  a  general  method  for  distinguishing  between 
primary  and  secondary  alcohols.  By  referring  to  the  formulae 
given  in  44,  it  is  seen  that  all  primary  alcohols  contain  the  group 
— CHjOH,  which  is  converted  by  oxidation  into  the  carboxyl- 

group  — ^^OH'    *^®    characteristic    group    of    organic    acids; 
further,  all   secondary  alcohols    contain    the    group    H«C-OH, 

i 

removal  of  the  two  hydrogen  atoms  from  which  yields  the  group 
G  :  0,  characteristic  of  the  ketoiies,  the   homologues  of  acetone. 

I 
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The  oxidation  of  a  primary  and  of  a  secondary  alcohol  produces 
respectively  an  acid  and  a  ketone  with  the  same  number  of  carbon 
atoms  as  the  original  alcohol. 

A  further  deduction  may  be  made  from  the  facts  above  stated. 
In  the  conversion  of  normal  propyl  alcohol  into  propionic  acid,  as 
well  as  of  isoprqpyl  alcohol  into  acetone,  the  oxidation  occurs 
at  the  carbon  atom  which  is  already  linked  to  oxygen.  This 
is  always  the  case,  and  the  general  rule  may  be  stated  as  follows. 
When  an  organic  compound  is  submitted  to  oxidation,  the  molecule 
is  attacked  at  the  part  which  already  contains  oxygen — (hat  is, 
where  oxidation  has  already  begun. 

Normal  propyl  alcohol  is  obtained  from  fusel  oil  by  fractiona- 
tion, and  is  a  colourless  liquid  with  an  agreeable  odour.  It  is 
miscible  with  water  in  all  proportions.  Isopropyl  alcohol  is  also 
a  liquid;  it  does  not  occur  in  fusel  oil,  but  may  be  obtained  by  the 
reduction  of  acetone  (120  and  156). 

Butyl  Aloohols. 

50.  Four  butyl  alcohols  are  known  (cf  Table,  page  51),  which 
is  the  number  possible  according  to  the  theory.  We  shall  here 
consider  whether  these  theoretically  possible  formulsd  are  really  in 
agreement  with  the  properties  of  the  four  isomers.  Two  of  the 
alcohols,  those  boiling  at  117**  and*  107°  respectively,  yield  on 
oxidation  acids  with  the  same  number  of  carbon  atoms.  They 
must  therefore  have  the  structures  1  and  3  (Ibid.),  since  the 
group  — CHjOH  is  present  in  both.  For  reasons  which  will  be 
referred  to  later,  the  alcohol  boiling  at  117°  is  considered  €o  have 
the  normal  structure  (1),  and  that  boiling  at  107°  the  struc- 
ture (3).  A  third  butyl  alcohol,  boiling  at  100°,  is  converted  by 
oxidation  into  a  ketone  with  the  same  number  of  carbon  atoms, 
showing  that  it  must  be  a  secondary  alcohol  corresponding  to 
structure  (2).  Lastly,  the  fourth  is  solid  at  ordinary  temperatures, 
melting  at  25-5°  and  boiling  at  83°.  Since  three  of  the  theoret- 
ically possible  structural  formulae  have  been  assigned  to  the  other 
isomers,  there  remains  for  this  alcohol  only  the  fourth,  which  is 
that  of  a  tertiary  alcohol.  This  structure  for  the  alcohol  melting 
at  25 '5°,  which  has  been  thus  arrived  at  by  elimination,  is  in  fact  in 
accordance  with  its  chemical  behaviour.  On  oxidation,  for  exam- 
ple, it  yields  neither  an  acid  nor  a  ketone  with  four  carbon  atoms, 
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but  the  molecule  is  at  once  split  np  into  substances  containing  a 
smaller  number  of  carbon  atoms.  Bemembering  that  an  alcohol 
must  contain  the  group  — CH,OH  in  order  to  yield  on  oxidation 
an  acid  with  the  same  number  of  carbon  atoms^  and  that  it  must 

contain  a  group  H-C-OH  in  order  to  produce  a  ketone  contain- 
ing the  same  number  of  carbon  atoms,  it  is  evident  that  neither 
of  these  can  be  obtained  from  a  tertiary  alcohol.  If  the  oxidation 
takes  place  in  this,  as  in  every  other  case,  at  the  carbon  atom  which 
is  already  linked  to  oxygen,  it  must  result  in  the  decomposition  of 
the  molecule. 

What  has  been  said  above  holds  good  for  tertiary  alcohols  in 
general,  so  that  oxidation  affords  a  means  of  distinguishing  between 
primary,  secondary,  and  tertiary  alcohols.  The  experimental 
proof  can  be  summed  up  as  follows. 

A  primary  alcohol  yields  on  oxidation  an  acid  with  the  same 
number  of  carbon  atoms;  a  secondary  alcohol  yields  on  oxidatioyi  a 
ketone  with  the  same  number  of  carbon  atoms;  while  oxidation  of  a 
tertiary  alcohol  at  once  splits  up  the  molecule,  yielclifig  compounds 
containing  a  smaller  number  of  carbon  atoms. 

Amyl  Aloohols. 

61.  The  alcohols  containing  five  carbon  atoms  are  called  amyl 
alcohols.  There  are  eight  possible  isomers,  and  all  are  known 
(cf.  Table,  page  51).  They  are  liquids  with  a  disagreeable  smell, 
like  that  of  fusel  oü.  Isobutylcarbinol,  (0H3),CH.CH,.CII,0H, 
is  the  principal  constituent  of  fusel  oil  (47). 

One  of  these  alcohols,  secondary  butylcarbinol,  affords  a  very 
remarkable  case  of  isomerism.  It  has  been  shown  how  the 
arrangement  of  the  atoms  in  a  molecule  accounts  for  the  phe- 
nomenon of  isomerism.  A  careful  study  of  the  properties  of  a 
compound  makes  it  possible  to  assign  to  it  a  structural  formula, 
to  the  exclusion  of  all  the  other  formulae  which  are  possible  for 
its  known  molecular  composition.  On  the  other  hand,  any  given 
structural  formula  represents  only  one  compound,  since  such 
a  formula  is  the  expression  of  a  very  definite  set  of  properties; 
when  these  are  unlike  for  two  compounds,  this  must  be  indicated 
by  their  structural  formulae. 
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Nevertheless,  there  are  three  isomeric  amyl  alcohols  which  have 
been  shown  hy  careful  examination  to  have  the  same  structural 
formula: 

CH      p    H 

That  they  have  this  constitution  is  proved  hy  the  fact  that  on 
oxidation  they  yield  an  acid 

CH,  H 

the  structure  of  which  can  easily  be  proved  by  synthesis  (166). 

The  three  amyl  alcohols  with  this  constitution  have  identical 
chemical  properties;  their  physical  constants  are  also  almost  all 
the  same,  but  one  of  the  latter  serves  to  distinguish  them  from  one 
another.  When  a  beam  of  plane  polarized  light  is  passed  through 
layers  of  these  alcohols,  the  plane  of  polarization  is  rotated  by  one 
isomer  to  the  left,  and  by  the  other  to  the  right,  while  the  third 
alcohol  produces  no  rotation.  The  first  two  are  said  to  be  optically 
active  (27,  2). 

Since  the  difference  between  optically  active  compounds  de- 
pends only  upon  a  physical  constant,  while  their  chemical  proper- 
ties are  identical,  it  may  be  asked  whether  this  difference  is  not 
a  purely  physical  one,  arising  from  differences  in  the  arrange- 
ment of  the  molecules,  such  as  is  supposed  to  exist  in  the  case  of 
dimorphous  substances.  There  are  two  reasons  opposed  to  this 
view. 

First,  differences  in  the  arrangement  of  the  molecules  can  only 
be  supposed  to  exist  in  the  case  of  solid  substances,  because  it  is 
only  in  these  that  the  molecules  have  a  fixed  position  in  relation 
to  one  another.  It  is  assumed  that  the  molecules  of  liquids  and 
gases  are  free  to  move;  but  they,  too,  afford  examples  of  optical 
activity.  In  the  case  of  liquids  there  is  still  a  possibility  that 
not  the  molecules  themselves,  but  conglomerations  of  them, 
arranged  in  a  definite  manner,  may  be  free  to  move.  Were  this 
the  cause  of  optical  activity,  optically  active  liquids  when  con- 
verted into  the  gaseous  state  should,  their  vapour  densities  being 
normal,  produce  no  rotation  in  the  plane  of  polarization.  That 
they  actually  do  produce  this  rotation  was  proved  by  Biot,  and 
later  by  Gernez.     In  this  case  the  phenomenon  cannot  be  at- 
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tribnted  to  a  difference  in  the  arrangement  of  the  molecules, 
because  in  a  vapour  of  normal  density  each  molecule  is  capable  of 
independent  motion. 

Second,  the  optical  activity  shows  itself  in  deriyatiyes  of  optic- 
ally active  substances. 

Hence  it  follows  that  an  explanation  of  the  rotation  of  the 
plane  of  polarization  in  the  case  of  liquids  and  of  dissolved  sub- 
sta7ices  must  he  sought  for  in  the  structure  of  the  molecules  them- 
selves. 

The  question  now  arises  as  to  what  peculiarity  in  the  structure 
of  the  molecules  is  the  cause  of  this  phenomenon.  The  following 
considerations  will  show  how  an  insight  may  be  obtained  into  it. 
The  Icevo-Totatory  amyl  alcohol^  the  constitution  of  which  has  been 
given  above  as 

is  converted  by  the  action  of  gaseous  Jiydriodic  acid  into  amyl 
iodide,  with  the  constitution 

This  compound  is  optically  active.  By  treating  it  with  nascent 
hydrogen,  the  iodine  atom  is  replaced  by  hydrogen,  with  formation 
of  pentane. 

This  compound  is  optically  ina^ctive. 

If  amyl  iodide  is  subjected  to  the  action  of  ethyl  iodide  in  the 
presence  of  sodium,  there  results  a  heptafie, 

CH,^p   .H 

and  this  substance  is  optically  active. 

An  examination  of  these  three  optically  active  substances  shows 
that  they  differ  from  optically  inactive  pentane  in  the  following 
way.  In  the  latter  there  are  two  similar  groups  (methyl)  linked 
to  the  central  carbon  atom,  whereas  in  the  others  the  four  groups 
linked  to  this  carbon  atom  are  all  different. 

52.  Van  't  Hoff  has  shown  that  optically  active  compounds  iu 
general  contain  at  least  one  carbon  atom  linked  to  four  different 
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atmis  or  groups;  and  he  has  designated  a  carbon  atom  so  linked  an 
'*  asymmetric  ^^  carbon  atom. 

It  has  been  stated  above  that  there  are  three  amyl  alcohols 
having  the  same  constitutional  formula,  of  which  one  is  dextro- 
rotatory, the  second  laevo-rotatory,  and  the  third  optically  inactive. 
Three  such  isomers  always  exist  in  connection  with  one  asymmetric 
carbon  atom  in  the  molecule,  and  of  the  two  optically  active  sub 
stances  one  causes  exactly  the  same  amount  of  dextro-rotation  as  the 
other  of  laevo-rotation.  Van  't  Hoff  has  shown  that  the  existence 
of  this  number  of  isomers  is  a  necessary  consequence  of  the  occur- 
rence of  one  asymmetric  carbon  atom  in  a  molecule,  provided 
certain  assumptions  are  made  regarding  the  relative  positions  of 
the  atoms  in  space.  These  are  as  follows.  The  tetravalency  of  the 
carbon  atom  has  its  origin  in  four  points  of  attraction,  situated  on 
itg  outer  surface,  so  that  it  is  able  to  link  itself  to  atoms  or  groups 
of  atoms  in  four  directions.  Concerning  these  directions  various 
assumptions  can  be  made.  They  may,  for  example,  be  supposed 
to  lie  in  one  plane.  But  this  assumption  is  untenable,  as  will  be 
seen  by  considering  a  compound  CR,Q,,  in  which  E  and  Q  repre- 
sent any  dissimilar  atoms  or  groups  of  atoms.  If  the  four  Unkings 
lie  in  one  plane,  such  a  compound  may  be  represented  by  the 
formula 

B  B 


Q— C— Q,     or  by    Q— C— B. 


These  are  different,  because  in  the  first  case  the  like  groups  arc 
separated  from  one  another  by  the  unlike,  while  in.  the  second 
case,  the  like  groups  are  adjacent  to  one  another.  It  follows  from 
this  that  in  general  two  isomers  must  exist  in  the  case  of  all  com- 
pounds CB,Q,.  Experience  teaches  that  this  is  not  the  case, 
because  among  the  many  hundreds  of  compounds  of  this  type  there 
is  no  instance  known  of  the  occurrence  of  two  isomeric  forms. 
The  particular  assumption  that  the  directions  of  all  four  linkings 
lie  in  the  same  plane  must  therefore  be  abandoned,  being  at  vari- 
ance with  the  facts. 

The  most  general  assumption  that  can  be  made  in  regard  to 
these  directions  is  that  each  pair  of  them  lies  in  the  same  plane. 


/^^ 


64  ORGANIC  CHEMISTRY. 

They  are  then  distributed  in  space  in  such  a  way  that  if  the  carbon 
atom  be  regarded  as  situated  inside  an  irregular  tetrahedron, 
the  directions  of  the  linkings  will  be  toward  the  angles  of  the 
figure.* 

63.  We  shall  now  ascertain  whether  this  mode  of  representation 
is  in  accordance  with  the  facts.  If  the  directions  of  the  linkings 
make  different  angles  with  one  another,  there  still  remains  possible 
a  difference  in  the  structural  arrangement  of  compounds  CR,Q, , 
because  it  is  just  as  easy  to  imagine  that  the  groups  £  are  connected 
with  the  linkings  which  have  the  smallest  angle  between  them  as 
to  imagine  that  they  are  joined  with  those  which  make  the  greatest 
angle  with  one  another.  In  the  case  of  compounds  CR^Q,  there 
is,  however,  only  one  arrangement  possible  when  the  directions  of 
the  linkings  meet  at  equal  angles.  This  is  the  case  when  the  carbon 
atom  is  regarded  as  being  situated  at  the  centre  o  f  a  regular  four- 
sided  fignre  {tetrahedro7i)^  with  its  linkings  directed  towards  the 
angles  (Fig.  24).  By  putting  the  groups  R  and  Q  in  different 
a  positions  in  two  atom  models,  it  is  always  pos- 

^\  sible  by  rotating  the  models  to  bring  them  into 

such  a  position  that  the  like  groups  coincide, 
showing  that  the  two  forms  are  identical. 
a^(fz^im^^!^^!^a  This  representation  of  the  direction  of  the 

Flu.  24.— Carbon  linkings  explains  how  it  is  that  there  are  no 
Tbtbahedbon.  isomers  of  a  compound  CRgQ,.  In  the  case  of 
compounds  C-RPQS,  which  contain  four  different  groups,  and 
therefore  an  asymmetric  carbon  atom,  it  indicates  the  possibility 
of  the  existence  of  two  isomeric  forms.  It  is  seen  from  Figs.  25 
and  26  (and  still  better  from  models)  that  for  these  four  groups 
there  are  possible  two  arrangements  which  cannot  be  made  to  coin- 
cide with  one  another  in  any  position,  although  they  resemble  one 
another  in  the  same  way  that  an  object  resembles  its  reflection  in 

*  Tlie  comprehension  of  what  follows  will  be  considerably  facilitated  by  the 
construction  of  several  models  of  carbon  atoms  with  their  linkings.  This  is 
easily  done  by  cutting  out  a  sphere  from  a  corlc  to  represent  the  carbon  atom, 
the  linkings  being  represented  by  moderately  thick  iron  wires  about  ten  centi- 
metres long,  the  ends  of  which  have  been  filed  to  a  point.  These  wires  are 
fixed  in  the  cork  sphere  in  the  manner  shown  in  Fig.  24.  To  show  the  linking 
of  the  atoms  or  groups  of  atoms,  cork  spheres  of  different  colours  are  fastened 
to  the  ends  of  these  iron  wires,  the  different  colours  indicating  that  the  groups 
are  dissimilar. 
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a  mirror.     A  figure  of  this  kind  has  no  plane  of  symmetry,  hence 
the  name  "asymmetric  carbon  atom/' 

This  makes  it  possible  to  understand  how  one  isomer  is  just  as 
much  dextro-rotatory  as  the  other  lasvo-rotatory  (62).  It  is,  in 
fact,  the  arrangement  of  the  groups  relative  to  the  asymmetric 
carbon  atom  which  is  the  cause  of  the  rotation  of  the  plane  of 
polarization.     If  the  arrangement  of  the  groups  in  Pig.  25  pro- 


Fig.  25.  Fig.  26. 

ABTMMBTRIC  C-ATOM8. 

duces  dextro-rotation,  then  the  inverse  arrangement  in  the  isomer 
ill  Fig.  26  must  of  necessity  cause  an  equal  rotation,  but  in  an 
opposite  direction. 

It  has  been  stated  above  that  not  merely  two,  but  three,  isomers 
occur  when  there  is  one  asymmetric  carbon  atom  present  in  the 
molecule:  a  dextro-rotatory,  a  Isevo-rotatoiy,  and  an  optically 
inactive  isomer.  It  has  been  proved  that  the  optically  inactive 
substance  is  composed  of  equal  parts  of  the  dextro-rotatory  and  of 
the  laevo-rotatory  compounds.  Since  these  rotations  are  equal  in 
amount,  but  different  in  direction,  their  sum  has  no  effect  upon 
the  plane  of  polarization. 

This  isomerism  in  space,  which  is  called  stereochemical  isomer- 
wn  or  sfereoisoinerismy  is  not  indicated  in  the  ordinary  structural 
formulae,  which  are  written  in  one  plane;  hence  the  apparent  con- 
tradiction that  a  single  structural  formula  may  represent  two 
different  compounds.  Van  ^t  Hoff's  theory,  however,  supports 
the  fundamental  principle  that  isomerism  has  its  origin  in  a 
difference  in  the  arrangement  of  the  atoms  in  the  molecule. 

In  addition  to  the  explanation  of  optical  isomerism  which  has  just 
been  given,  two  'others  might  be  suggested,  both  of  which,  however, 
can  be  shown  to  be  untenable.  It  might,  for  example,  be  supposed 
that  the  four  linkings  of  the  carbon  atom  are  unequal  in  value;  then 
a  compound  such  as  CPsQ  could  exist  in  isomeric  forms.  Experience 
shows  that  this  is  not  the  case. 


66  ORGANIC  CHEMISTRY. 

ft 
It  might  also  be  supposed  that  this  phenomenon  is  due  to  a 
difiference  in  the  motion  of  the  atoms  in  the  molecule.  If  it  were  so, 
isomerism  could  no  longer  exist  at  absolute  zero,  since  atomic  motion 
ceases  at  this  point;  thus  a  falling  temperature  should  cause  a  marked 
diminution  in  the  difference  between  the  optical  isomers.  There  is, 
howeyer,  not  the  slightest  indication  of  such  behaviour. 

Higher  Alcohols,  C„H,„^jO. 
64,  Their  properties  have  already  been  mentioned  (46).  In 
addition  may  be  cited  cetyl  alcohol,  C\gH„OH,  obtained  from 
spermaceti^  and  myricyl  alcohol ,  Cj^IIgjOH,  obtained  from  wax. 
The  number  of  isomers  of  these  higher  compounds  possible  is 
very  great,  while  the  number  actually  known  is  but  small.  Of 
the  higher  members  of  the  series,  only  the  normal  primary  com- 
pounds are  known. 

Alcoholates. 
55.  Alcoholates  are  compounds  obtained  from  alcohols  by 
exchange  of  the  hydroxyl-hydrogen  atom  for  metals  (43).  The 
best  known  are  sodium  methylate  or  methoxide,  CH,.ONa,  and 
sodium  ethylate  or  c^Aoa:i<^«,  "C^Hj^ONa.  These  are  both  white 
powders,  which  yield  crystalline  compounds  with  the  alcohol 
corresponding  to  them.  They  are  easily  soluble  in  the  alcohols, 
and,  as  will  be  seen  later,  are  constantly  used  in  syntheses.  It 
was  formerly  supposed  that  the  addition  of  water  to  a  solution  of 
an  alcoholate  converted  it  completely  into  NaOH,  and  liberated 
an  equivalent  quantity  of  alcohol;  but  Lobby  de  Brutx  has 
shown  that  this  is  only  partly  true,  and  that  an  equilibrium  is 
reached  in  the  reaction  : 

C,H^ONa  +  H,0;:^C,H,OH  +  NaOH. 

(A  proof  of  this  will  be  found  in  62.)  It  follows  that  a  solution 
of  sodium  hydroxide  in  alcohol  partly  decomposes  into  water  and 
sodium  alcoholate. 

The  alcoholic  solution  of  sodium  ethylate,  which  is  usually  obtained 
by  dissolving  pieces  of  sodium  in  absolute  ethyl  alcohol,  gradually  be- 
comes brown,  in  consequence  of  an  oxidation  process  (formation  of 
aldehyde,  U6).  On  the  other  hand,  the  solution  of  sodium  methylate 
in  methyl  alcohol  remains  unaltered,  for  which  reason  it  is  much  more 
extensively  used  in  syntheses  than  sodiuni  ethylate. 
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56.  Many  compounds  containing  a  hydroxyl-group  are  known 
in  inorganic  chemistry;  they  are  called  bases,  and  resemble 
one  another  closely  in  their  properties.  This  similarity  may  be 
attributed  to  their  common  possession  of  the  group  OH,  which  is 
present  in  their  aqueous  solution  as  an  ion. 

An  aqueous  solution  of  alcohol  does  not  conduct  an  electric 
current,  so  that  the  alcohol  is  not  ionized.  This  also  follows  from 
the  fact  that  such  a  solution  is  not  alkaline,  and  therefore  contains 
no  OH-ions.  The  question  accordingly  arises  whether,  notwith- 
standing this  fact,  the  alcohols  possess  some  of  the  properties 
of  bases. 

The  answer  to  this  is  in  so  far  affirmative  that  they  are  able 
to  combine  with  acids,  with  elimination  of  water,  in  the  same  way 
as  basic  compounds: 


M.|OH  +  H].R  =  MR  +  HOH. 

Alcohol  Acid  Ester 

These  substances,  which  are  comparable  with  the  salts  of 
inorganic  chemistry,  are  called  covipound  ethers  or  esters.  The 
difference  between  the  nature  of  bases  and  that  of  alcohols  shows 
itself,  however,  in  the  way  in  which  salts  are  formed,  which  is  quite 
unlike  that  in  which  esters  are  produced.  The  formation  of  a  salt 
from  an  acid  and  a  base  takes  place  instantaneously;  it  is  a  reaction 
of  the  ions,  because  the  hydrogen  ion  of  the  acid  unites  with  the 
hydroxyl-ion  of  the  base  ("  Inorganic  Chemistry,''  66) : 

[B  +  OH']  +  [H  +  Z']  =  [B  +  Z']  +  H,0. 

Bam  Acid  Salt 

The  formation  of  esters,  on  the  other  hand,  takes  place  very  slowly, 
especially  at  ordinary  temperatures.  In  this  case  the  reaction 
is  between  the  non-ionized  alcohol  and  the  acid : 

R.OH  +  [H  +  Z']  =  R.Z  +  H,0. 

Alcohol  Acid  Ester 

Generally,  reactions  between  ions  take  place  instantaneously^ 
those  between  molecules  slowly. 

Many  bases  can  lose  water,  with  formation  of  anhydrides  or 
oxides;  so  also  can  alcohols.     By  the  splitting  off  of  one  mole- 
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cule  of  water  from  two  molecules  of  an  alcohol,  there  are  formed 
compounds  with  the  general  formula  0^11,^^! — 0 — CnH,n,j, 
called  ethers;  when  the  elimination  of  water  takes  place  be- 
tween two  different  alcohols,  the  compounds  produced  have  the 
general  formula  C„H,„^.j — 0 — C«H,„+,,  and  are  called  mixed 
ethers. 

Alkyl  HaUdes. 

67.  The  alkyl  halides  may  be  looked  upon  as  being  the  haloid 
acid  esters  of  the  alcohols,  as  is  shown  by  their  formation  from 
alcohol  and  a  haloid  acid : 


CH^^lOH  +  HIX  =  C„H.„„X  +  H,0. 

In  preparing  alkyl  halides  by  this  method,  the  alcohol  is 
saturated  with  the  dry  halogen  acid,  and  then  heated  in  a  sealed 
tube  or  under  a  reflux-condenser.  The  reaction  may  also  be 
carried  out  by  heating  the  alcohol  with  sulphuric  acid  and  sodium 
or  potassium  halide : 

C,H,OH  +H,SO,  +  KBr  =C,H,Br  +  KHSO,  +  H,0. 

Two  other  methods  of  formation  for  alkyl  halides  have  already 
been  alluded  to  (30  and  43) ;  these  are  more  fully  treated  below. 

Action  of  Phosphorus  Halides  on  Alcohols. — These  some- 
times react  together  very  energetically.  In  preparing  alkyl 
bromides  and  iodides,  it  is  usual  to  employ  phosphorus  with 
bromine  or  iodine  instead  of  the  bromide  or  iodide  of  phosphorus 
itself.  For  example,  in  the  preparation  of  ethyl  bromide,  amor- 
phous phosphorus  is  added  to  strong  alcohol,  which  does  not  dis- 
solve it.  Bromine  is  then  added  in  drops,  the  temperature  of  the 
liquid  being  kept  from  rising  by  a  cooling-agent.  Each  drop  of 
bromine  unites  with  phosphorus  to  form  PBr, ,  which  reacts  with 
the  alcohol,  producing  ethyl  bromide : 

PBr,  +  3C,H,0H  =  P(OH),  +  3C,H,Br. 

The  careful  addition  of  bromine  is  continued  until  a  quantity  has 
been  used  corresponding  to  that  required  by  the  equation.  The 
mixture  is  then  allowed  to  stand  for  several  hours,  in  order  that 
the  reaction  may  be  as  complete  as  possible,  the  final  product  con- 
sisting chiefly  of  phosphorous  acid  and  ethyl  brqmide.  Since  the 
latter  boils  at  38*4°,  and  the  acid  is  not  volatile,  it  is  possible  to 
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separate  them  by  distillation.  To  effect  this^  the  flask  containing 
the  mixture  is  immersed  in  a  water-bath  heated  above  the  tempera- 
ture mentioned. 

Ift  has  just  been  mentioned  that  the  reaction-mixture  consists 
chiefly  of  phosphorous  acid  and  ethyl  bromide,  whereas  the  above 
equation  indicates  that  only  these  two  substances  are  formed.  Reac- 
tions in  organic  chemistry  are  seldom  quantitative;  in  addition  to  the 
wain  reaction  there  are,  in  the  great  majority  of  cases,  one  or  more 
secondary  reactions.  The  explanation  of  this  must  be  sought  in  tht^ 
ease  with  which  organic  compounds  undergo  decomposition  and  react 
with  one  another.  These  secondary  reactions  frequently  give  rise  to 
the  formation  of  dark-coloured,  amorphous  substances  called  resins. 
It  is  seldom  possible  to  obtain  any  individual  compound  out  of  them. 
Sometimes,  however,  the  secondary  products  of  a  reaction  can  be 
isolated,  as,  for  example,  in  the  process  described  above,  in  which  the 
ethyl  ester  of  phosphorous  acid  is  formed  along  with  ethyl  bromide: 

PBr,  +  3C,H»0H  =  P(OC.H»).  +  8HBr. 

58.  Action  of  Halogens  on  Hydrocarbons. — Only  chlorides  and 
bromides  can  be  obtained  in  this  way^  because  iodine  does  not 
react  with  hydrocarbons.  The  method  is  seldom  used  for  the 
preparation  of  alkyl  halides,  since,  for  two  reasons,  mixtures  of 
alkyl  halides  are  obtained  which  are  sometimes  very  difficult  to 
se})aTate;  whereas,  by  employing  the  other  methods,  these  com- 
pounds are  produced  without  admixture  of  similar  substances. 

One  of  these  causes  is,  that  whenever  one  molecule  of  a  hydro- 
carbon CnH,n+,  is  brought  into  contact  with  one  molecule  of 
chlorine  or  bromine,  the  reaction  does  not  take  place  merely  in 
accordance  with  the  equation 

CnH,„^. -f  CI,  =  C„H,,^,C1  +  HCl, 

but  that  at  the  same  time  compounds  CnH,nCl,,  CnH,n_jClj,  etc., 
are  formed,  a  portion  of  the  hydrocarbon  remaining  unacted  on. 
It  is  possible  to  avoid  the  formation  of  these  higher  substitution- 
products  by  causing  the  halogens  to  react  .with  the  vapour  of  the  boil- 
ing hydrocaibons. 

The  other  cause  is  that  the   halogen  replaces   hydrogen  in 
different  positions  in  the  molecule.     Thus,  chlorine  reacts  with 
normal  pentane  to  form  simultaneously  primary  and  secondary 
alkyl  chlorides, 
CH3CH,.CH,.CH,.CH,C1    and     CH,.CH,.CH,.CHC1.CH3. 
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This  can  be  proved  by  converting  these  chlorides  into  the  corre- 
sponding alcohols  and  oxidizing  the  latter  (49). 

69.  The  following  table  gives  some  of  i\iQ  physical  properties 
of  the  alJcyl  Jialides. 


1^ 

Name. 

Chloride. 

Bromide. 

Iodide. 

E'S 

Boilinfc- 
point. 

Specific 
Gravity. 

Boiling- 
point. 

Specific 
Gravity. 

Boiling- 
point. 

Specific 
Gravity. 

CH. 
C.H, 
C,Ht 
C4H, 
CftHii 

Methyl 
Ethyl 
"?i -Propyl 
n-Prim.  butyl 
n-Prim.  amyl 

-28-7" 
12-2" 
46.  V 
78" 
107" 

0.952(0") 
0.918(8") 
0.912(0") 
0.907(0") 
0.901(0") 

45" 
88-4" 

71" 

lor 

129" 

1.782(0") 
1.468(13") 
1.883(0") 
1. 805(0") 
1.246(0") 

45" 

72. 3" 
102.5" 
180" 
156" 

2.298(18") 
1.944(14") 

1.786(0") 
1.643(0") 
1.543(0") 

It  will  be  noticed  that  only  the  lower  chlorides  and  methyl 
bromide  are  gaseous  at  the  ordinary  temperature,  most  of  the 
others  being  liquids,  and  the  highest  members  solids.  The  specific 
gravities  of  the  chlorides  are  in  all  cases  less  than  1,  and  diminish 
as  the  number  of  carbon  atoms  increases.  The  specific  gravities 
of  the  bromides  and  iodides  are  considerably  greater  than  1  for  the 
lowest  members,  although  they  also  diminish  with  increase  in 
the  number  of  the  carbon  atoms,  so  that  the  highest  terms  of  the 
homologous  series  are  specifically  lighter  than  water.  They  are  all 
very  slightly  soluble  in  water,  but  dissolve  readily  in  many  organic 
solvents.     The  lowest  members  have  a  pleasant  ethereal  odour. 

Chemical  Properties, — In  their  action  upon  silver  nitrate  the 
alkyl  halides  are  very  different  from  the  halides  of  the  metals. 
In  aqueous  or  alcoholic  solution  the  latter  at  once  yield  a  precipi- 
tate of  silver  halide,  the  reaction  being  quantitative.  On  the 
other  hand,  silver  nitrate  either  does  not  precipitate  silver  halide 
from  a  solution  of  the  alkyl  halides,  or  the  reaction  only  takes 
place  slowly.  The  explanation  is  the  same  as  that  given  in  56, 
that  in  the  first  case  the  action  is  one  between  the  ions,  and  in 
the  second  between  the  molecules.  This  proves  that  there  are 
either  no  halogen  ions  present  in  an  alkyl  halide  solution,  or  at 
least  that  their  number  is  very  small. 

The  halogen  compounds  can  be  converted  into  one  another;  for 
example,  alkyl  iodides  can  be  obtained  by  heating  the  correspond- 
ing chlorides  with  KI  or  Cal,.  These  reactions  are  often  incom- 
plete. 
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The  alkyl  iodides  are  chiefly  used  for  introducing  alkyl-groups 
into  organic  compounds. 

Alkyl  fluorides  are  also  known,  and  are  more  TÓlatde  than  the  cor- 
respondiDg  chlorine  compounds.  They  are  obtained  by  the  action  of 
silver  flaoride  on  an  alkyl  iodide,  and  in  other  ways. 

Esters  of  Other  Kineral  Acids. 

60.  Esters  of  a  great  number  of  mineral  acids  are  known.    The 
general  methods  for  their  preparation  are  as  follows: 

1.  By  the  action  of  the  acid  on  absolute  alcohol: 

C,H,.  lOH  +  mONO,  =  H,0  +  C,H..ONO,. 

Alcohol  Nitric  acid  Ethjl  nitrate 

2.  By  the  action  of  an  alkyl  halide  on  a  silver  salt: 

SO,|Ag,  +  2I]CA  =  SO,(C,H,),  +  2AgI. 


Ethyl  sulphate 

3.  By  the  action  of  mineral  acid  chlorides  on  alcohols  or 
alcoholates: 

P0|C1,  +  SNalOfiH,  =  PO(OC,H,),  +  3Naa. 

Phosphorus  oxychlorida  Neutral  ethyl  phosphate 

The  acid  esters  of  sulphuric  acid,  which  are  usually  called 
Myl'sulphuric  acids,  are  of  some  importance.  Ethyhulphuric 
aeidy  or  ethyl  hydrogen  sulphate^  C^HjO-SOj-OH,  is  obtained  by 
mixing  alcohol  with  concentrated  sulphuric  acid.  The  forma- 
tion of  this  compound  is  never  quantitative,  owing  to  the  fact 
that  an  equilibrium  is  reached  in  the  reaction  (99).  The 
ethylsnlphuric  acid  is  separated  from  the  excess  of  sulphuric 
acid  by  means  of  the  barium  (or  the  strontium  or  calcium)  salts 
of  the  alkyl-sulphuric  acids,  these  compounds  being  easily  soluble 
in  water,  while  the  sulphates  are  insoluble,  or  nearly  so.  It  is 
only  necessary  to  neutralize  the  mixture  of  sulphuric  acid  and 
alkyl-sulphurio  acid  with  barium  carbonate,  the  product  being 

ba 
a  solution  of  barium  ethyl  sulphate,  n  g^  >  SO^.     The  free  ethyl- 

Bulphuric  acid  is  then  obtained  by  the  addition  of  the  calculated 
quantity  of  sulphuric  acid  to  this  solution.  At  ordinary  tempera- 
tnree  it  is  an  odourless,  oily,  strongly  acid  liquid,  miscible  with 
water  in  all  proportions;   the  aqueous  solution  decomposes  into 
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sulphuric  acid  and  alcohol,  slowly  at  the  ordinary  temperature,  but 
quickly  when  heated  to  the  boiling-point. 

The  barium  salts  of  the  amylsulpbaric  acids,  obtained  from  the 
amy]  alcohols  and  sulphuric  acid,  have  different  solubilities  in  water, 
and  can  be  partially  separated  by  fractional  crystallization.  By  this 
means  Pasteüb  was  able  to  separate  the  optically  active  amyl  alcohol 

from  isobutylcarbinol,   ^^•>OH.CH,.CH..OH,  both  of  which  are 

present  in  the  mixture  of  amyl  alcohols  boiling  at  181*-182''  obtained 
by  the  fractional  distillation  of  fusel  oil.  Isobutylcarbinol  is  the  chief 
constituent  of  the  mixture  of  amyl  alcohols  boiling  at  this  temperature. 

Ethylsulphuric  acid  forms  well  crystallized  salts;  its  potassium 
salt  is  used  in  the  preparation  of  ethyl  compounds.  For  example, 
ethyl  bromide  is  readily  prepared  by  the  dry  distillation  of  a  mix- 
ture of  potassium  bromide  and  potassium  ethyl  sulphate: 

KOSO,0|C;h,+  Bt|K  =  K0.S0,.0K  +  C,H,Br. 

PotaMium  othyl  Potauium  Ethyl 

gulpliAte  sulphate  bromide 

When  free  ethylsulphuric  acid  is  heated,  the  neutral  ethyl  ester 
of  sulphuric  acid  and  free  sulphuric  acid  are  formed: 

Esters  of  the  following  mineral  acids  are  also  known:  hypochlorous 
acid,  perchloric  acid,  sulphurous  acid,  sulphuric  acid,  hyponitrous 
acid,  nitrons  acid,  nitric  acid,  phosphorous  acid,  hypophosphoric  acid, 
phosphoric  acid,  arsenious  acid,  arsenic  acid,  boric  acid,  and  silicic 
acid. 

Saponification. 

61.  When  esters  are  boDed  with  dilute  acids  or  alkalis,  or 
when  heated  to  a  high  temperature  with  water,  they  decompose 
into  alcohol  and  acid,  taking  up  one  molecule  of  water.  This 
process  is  called  "  saponification,''  because  it  resembles  the  prep- 
aration of  soap  from  alkali  and  fat  (91).  The  formation  of  an 
ester  from  an  alcohol  and  an  acid  is  called  esierification. 

Ethers. 

62.  The  constitution  of  these  compounds,  which  are  isomeric 
with  the  alcohols,  is  proved  by  Williamson's  synthesis,  the  action 
of  an  alcoholate  on  an  alkyl  halide : 

C„H^+,-0|NaT3  •C„H^+,  =  C„H,„,,.O.C„H,„^,  +  Nal. 
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This  synthesis  affords  confirmation  of  the  constitution  of  the 
alcoholates  indicated  in  489  that  the  metal  occupies  the  place  of 
the  hydroxyl-hydrogen.  For,  supposing  this  were  not  the  case, 
and  that  the  metal  had  replaced  a  hydrogen  atom  directly  linked 
to  carbon,  then  sodium  methylate,  for  example,  would  have  the 
formula  Na-CH,-OH;  this  would  yield  propyl  alcohol  when 
treated  with  ethyl  iodide: 


C,H,|I  +  Na|>CH,OH  =  C,H,.CH,OH  +  Nal. 


This  reaction  does  not  take  place.  There  is  produced  instead 
methylethyl  ether,  which  has  the  empirical  formula  of  an  alcohol, 
but  none  of  its  properties. 

WiLLUMSON's  synthesis  is  also  possible  when  the  alcoholate  is  dis- 
solved in  dilate  alcohol  (150%).  Though  so  much  water  is  present,  the 
reaction  is  almost  a  quantitative  one,  from  which  it  follows  that  the 
greater  part  of  the  sodium  alcoholate  must  be  present  as  such,  and 
therefore  is  not  decomposed  by  the  water  into  alcohol  and  sodium 
hydrate  (55),  because  in  that  case  the  formation  of  the  ether  would 
necessarily  be  prevented. 

63.  The  best  known  compound  of  the  homologous  series  of 
ethers  is  the  diethyl  ether,  C^Hj-O-CgHj,  which  is  usually  called 
ether.  This  compound  is  manufactured,  and  also  prepared  in  the 
laboratory,  from  sulphuric  acid  and  ethyl  alcohol.  For  this  pur- 
pose a  mixture  of  five  parts  of  alcohol  (90^^)  *  is  heated  with  nine 
parts  of  concentrated  sulphuric  acid  at  130°-140°.  Ether  and 
water  distil  over,  and  as  soon  as  distillation  has  commenced, 
alcohol  is  allowed  to  flow  into  the  distilling-flask  at  such  a  rate  as 
to  keep  the  volume  of  liquid  in  it  constant.  Ether  passes  con- 
tinually over,  but  after  about  six  times  as  much  alcohol  has  been 
added  as  was  in  the  first  instance  mixed  with  the  sulphuric  acid, 
the  distillate  becomes  richer  and  richer  in  alcohol,  until  finally 
the  formation  of  ether  stops  altogether. 

The  explanation  of  this  process  is  as  follows.  The  alcohol  and 
sulphuric  acid  in  the  first  instance  form  ethylsulphuric  acid  (60). 


*  Methylated  spirit  may  be  substitated  for  pare  spirit,  the  product  being 
called  ''methylated  ether."— Translator. 
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When  ethylsulphuric  acid  is  heated  with  water,  it  is  saponified^ 
with  regeneration  of  the  acid  and  alcohol : 


C,H,-|OSO,H  +  H  OH  ==  C,H,.OH  +  H,SO,. 


When,  however,  instead  of  water,  ethyl  alcohol  reacts  on  ethyl- 
sulphuric  acid,  ether  and  sulphuric  acid  are  formed  in  an  exactly 
analogous  manner: 


C,H,  OSO3H  +  H  0 .  C,H,  =  C,H, .  0 .  C,H5  +  H,SO,. 


The  production  of  ether  depends  upon  the  formation  of  ethylsul- 
phuric acid,  and  subsequent  decomposition  of  this  compound  into 
ethyl  ether  and  sulphuric  acid  by  the  addition  of  more  alcohol. 
Since  the  sulphuric  acid  is  again  formed  (regenerated)  in  this 
reaction,  it  yields  a  fresh  quantity  of  ethylsulphuric  acid,  so  that 
the  process  is  a  continuous  one.  This  would  lead  to  the  expecta- 
tion that  a  small  quantity  of  sulphuric  acid  would  be  able  to  con- 
vert an  unlimited  amount  of  alcohol  into  ether,  but  this  is  not 
borne  out  by  experience.  The  explanation  is  that  in  the  forma- 
tion of  ethylsulphuric  acid  from  alcohol  and  sulphuric  acid,  water 
is  formed  as  a  by-product: 


fiHjOH  +  HJSO.H  =  C,H,.SO,H  +  HO. 


This  water  partly  distils  over  along  with  the  ether,  but  partly 
remains  behind  in  the  flask,  decomposing  the  ethylsulphuric  acid, 
as  soon  as  it  is  formed,  into  alcohol  and  sulphuric  acid.  When 
the  amount  of  water  in  the  reaction-mixture  exceeds  a  certain 
limit,  it  prevents  the  formation  of  ethylsulphuric  acid  altogether, 
and  in  this  way  puts  an  end  to  the  production  of  ether. 

When  another  alcohol  is  allowed  to  flow  into  the  original 
mixture  instead  of  ethyl  alcohol,  shortly  before  the  distillation 
begins,  a  mixed  ether  is  obtained: 


C,H,.|SO,H  +  H|0 .  C,H„=C,H,.  0  •  C,H,,  +  H,SO,. 

This  is  a  proof  that  the  formation  of  ether  really  takes  place  in 
the  two  stages  mentioned  above. 

The  crude  ether  obtained  in  this  manner  contains  water,  alcohol, 
and  small  quantities  of  sulphur  dioxide.  It  is  left  iu  contact  with 
quicklime  for  several  days,  the  water,  sulphur  dioxide,  and  part  of  the 
alcohol  being  thus  removed ;  it  is  then  distilled  from  a  water-bath 
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heated  to  about  55\  To  remove  the  small  quantity  of  alcohol  remain- 
ing, it  is  shaken  up  several  times  with  small  volumes  of  water,  and  the 
water  run  off.  The  ether  is  separated  from  dissolved  water  by  dis- 
tillation, first  over  calcium  chloride  and  finally  over  sodium. 

Diethyl  ether  is  a  colourlefis^  very  mobile  liquid,  boiling  at 
35  -4°,  and  solidifying  at  —113  •  1^.  It  has  an  agreeable  odour;  pro- 
longed breathing  of  it  produces  unconsciousness,  followed  by  but 
slightly  disagreeable  consequences  on  awakening.  Ether  is  there- 
fore used  in  surgery  as  an  ansBsthetic.  It  is  slightly  soluble  in 
water,  one  volume  dissolving  in  11*1  volumes  of  water  at  25°;  on 
the  other  hand,  water  dissolves  slightly  in  ether  (2^  by  volume  at 
12*^).  On  account  of  its  low  boiling-point,  ether  is  very  volatile, 
and  as  its  vapour  is  highly  combustible,  burning  with  a  luminous 
flame,  and  producing  an  explosive  mixture  with  air,  it  is  a  substance 
which  must  be  very  carefully  handled.  Intense  cold  is  produced 
by  its  evaporation,  the  outside  of  a  flask  containing  it  becoming 
coated  with  ice  when  the  evaporation  of  the  ether  is  promoted  by 
the  introduction  of  a  rapid  stream  of  air. 

In  the  laboratory,  ether  is  an  invaluable  solvent  and  crystalliz- 
ing-medium  for  many  compounds,  in  addition  to  its  use  for  ex- 
tracting aqueous  solutions  (24).  It  is  also  of  great  utility  in  many 
man  u  f acturing-processes. 

Homolognes. 

64.  Dimethyl  ether,  CH,.0-CHj,  is  obtained  in  the  same  way 
as  ordinary  ether,  and  is  a  gas  liquefying  at  —  20°.  The  higher 
homologues  are  liquids,  the  highest  being  solid  crystalline  sub- 
stances; all  have  a  specific  gravity  considerably  less  than  1,  the 
majority  between  0*7  and  0'8. 

The  ethers  are  comparatively  stable  towards  chemical  reagents. 
Dilute  acids,  alkalis,  and  phosphonis  pentachloride  have  no  action 
on  them  at  ordinary  temperatures;  sodium  is  unable  to  displace 
any  of  their  hydrogen.  When,  however,  they  are  heated  with 
haloid  acids,  halogen  compounds  are  formed.  In  this  way 
gaseous  hydriodic  acid,  when  passed  into  an  ether  at  the  ordinary 
temperature,  produces  alcohol  and  alkyl  iodide: 

CnKn.r  |0-C^H,..,+JI)I  ^  C„H,„,,I  +  C„H,„^,OH; 
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at  higher  temperatures  water  and  alkyl  iodide  are  formed; 


1  =  C„H^,  ,1  +  C„H.„„I  +  H.O. 


Isomerism. — This  may  be  caused,  as  in  the  ease  of  the  alcohols, 
by  branching  of  the  carbon  chains^  by  the  alteration  of  the  position 
of  the  oxygen  atom  in  the  molecule,  or  by  both  causes  simul- 
taneously. 


ALKTL-KADICLES  UHKED   TO   SÏÏLFHÏÏK. 

66.  Those  elements  which  are  grouped  in  the  same  column  of 
the  periodic  system  ("  Inorganic  Chemistry,"  211-221)  yield 
similar  compounds^  a  fact  traceable  to  their  having  equal  valencies; 
they  further  resemble  one  another  in  their  chemical  properties. 
[Experience  has  shown  that  organic  compounds  containing  elements 
of  such  a  group  display  the  properties  of  their  inorganic  analogues 
in  every  variety  of  similarity  and  dissimilarity,  their  points  of 
resemblance  and  of  difference  being  sometimes  even  more  marked 
than  those  of  the  inorganic  compounds.  A  comparison  of  the 
oxygen  copapounds,  which  have  been  dealt  with  up  to  this  point, 
with  the  sulphur  compounds  of  similar  structure,  will  serve  as  an 
example  of  this. 

The  alcohols  and  ethers  may  be  regarded  as  being  derived  from 
water  by  the  replacement  of  one  or  both  of  its  hydrogen  atoms  by 
alkyl.  The  corresponding  sulphur  compounds  are  derived  in  the 
same  way  from  sulphuretted  hydrogen;  they  are  represented  thus: 

C,H,„+,.SH    and    C„H,,^,.S.C„H,^,,. 

The  first  are  called  mercaptans,  and  the  second  thioethers. 

The  resemblance  of  these  compounds  to  the  alcohols  and  ethers 
is  chiefly  noticeable  in  their  methods  of  formation,  for  if  KSH 
instead  of  KOH  reacts  with  an  alkyl  halide,  a  mercaptan  is 
formed: 

C.H^+, .  rX  +  R] .  SH  =  C„H,„^, .  SH  +  EX. 

The  property  possessed  by  alcohols,  of  having  one  hydrogen 
atom  in  the  molecule  distinguished  from  all  the  others  in  being 
replaceable  by  metals,  is  also  found  in  mercaptans.  It  is  therefore 
reasonable  to  suppose  that  the  hydrogen  atom,  thus  distinguished 
from  all  the  others,  is  linked  to  sulphur,  the  rest  of  the  hydrogen 
atoms  being  linked  to  carbon. 

Jnst  as  the  ethers  are  formed  by  the  action  of  alkyl  halides  on 
alcoholates,  so  the  thioethers  are  obtained  by  treating  the  metallic 
compounds  of  the  mercaptans,  the  mercapiides,  with  alkyl  halides; 

C„H^^.-SlNimilC.„H^H  =  C„H,„+,.S.C„H,„^,  +  Nal. 

77 
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Water  is  a  neutral  compound,  and  sulphuretted  hydrogen  is  a 
weak  acid;  corresponding  to  this^  alcohol  does  not  form  alcoholates 
with  the  bases  of  the  heavy  metals,  while  mercaptans  yield  mercap- 
tides  with  them.  An  alcohol  such  as  amyl  alcohol,  which  is  soluble 
with  difficulty  in  water,  does  not  dissolve  in  alkalis;  but  the 
mercaptans,  which  are  all  insoluble  in  water,  are  on  the.  other  hand 
easily  soluble  in  alkalis,  with  formation  of  mercaptides«  They 
therefore  possess  an  acid  character. 

Mercaptans. 

66.  In  addition  to  the  methods  of  formation  already  mentioned, 
mercaptans  can  be  obtained  by  the  action  of  phosphorus  penta- 
sulphide  upon  alcohols: 

or  by  distilling  a  solution  of  potassium  alkyl  sulphate  with  potas- 
sium hydrogen  sulphide : 

C,HJ0»S03K+YnSH  =  C,H,.  SH  +  K,SO,. 

They  are  liquids  almost  insoluble  in  water,  with  boiling-points 
markedly  lower  than  those  of  the  corresponding  alcohols.  Thus, 
methyl  mercaptan  boils  at  6°,  methyl  alcohol  at  66®.  They  are 
characterized  by  the  possession  of  an  exceedingly  disagreeable  smell, 
which  they  have  in  common  with  almost  all  volatile  sulphur  com- 
pounds. Our  organs  of  smell  are  very  sensitive  to  mercaptans, 
and  can  detect  the  merest  traces  of  them,  even  when  they  are  so 
slight  as  to  be  quite  unrecognizable  by  chemical  means. 

Many  metallic  compounds  of  the  mercaptans  are  known,  some 
of  them  iu  a  well  crystallized  form.  The  mercury  mercaptides 
furnish  an  example  of  these  bodies,  and  are  produced  by  the  action 
of  mercaptans  on  mercuric  oxide,  whence  the  name  of  these  com- 
pounds is  derived  (by  shortening  corpus  mercurio  aptum  to  mer- 
captan). Many  of  the  other  heavy  metals,  such  as  lead,  copper, 
and  bismuth,  yield  mercaptides;  the  lead  compounds  have  a  yellow 
colour.  The  mercaptan  is  set  free  from  all  mercaptides  by  the 
addition  of  mineral  acids. 
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Thioethen. 

67.  In  addition  to  the  methods  giyen  in  66  for  the  preparation  of 
these  oomponnds,  the  action  of  potassium  sulphide,  EtS,  upon  the 
aalts  of  alkyl-sulphuric  acids  may  be  employed  : 


2C.H>|  Q-80,K  +  K,  |S  =  (0,H»).S  +  2K,804. 

PotasBtum 
ethyl  sulphate 

The  thioethers  are  neutral  compounds  with  an  exceedingly  ofTen- 
aive  smell.  They  are  liquids  insoluble  in  water,  and  yield  double  com- 
pounds with  metallic  salts,  e.g.  (G«H»)aS*HgCla. 

The  mercaptans  resemble  sulphuretted  hydrogen  in  being  slowly 
oxidized  by  contact  with  air,  whereby  they  are  converted  into  disul- 
phides;  for  example,  diethyl  disulphide, 

Here  the  hydrogen  which  is  linked  to  sulphur  is  removed  by  oxidation, 
so  that  the  disulphides  have  the  constitution  given  above,  the  proof 
of  this  being  that  they  are  also  obtained  by  heating  potassium  ethyl 
sulphate  with  EsSa. 

Numerous  compounds  containing  oxygen  and  sulphur  occur  among 
inorganic  bodies :  substances  of  this  kind  are  also  known  in  organic 
chemistry. 

The  stdpTioxideSy  c  H^n  i^^^'  *'®  formed  by  the  oxidation  of 

thioethers  with  nitric  acid.  Their  constitution  is  indicated  by  the 
fact  that  they  are  very  easily  reduced  to  thioethers.  If  the  oxygen 
were  linked  to  carbon,  they  would  not  behave  in  this  manner,  because 
neither  alcohols  nor  ethers  lose  their  oxygen  by  gentle  reduction. 

The  sulphones  are  compounds  with  the  constitution  q  tt'"''"'  >  SOt, 

as  shown  in  66.  They  are  formed  by  strongly  oxidizing  the  thioethers, 
«nd  also  by  the  oxidation  of  sulphoxides.  Nascent  hydrogen  is 
unable  to  effect  their  reduction. 

Suiphonic  Adds. 

66.  The  suiphonic  acids  result  when  mercaptans  undergo  vigorous 
oxidation  (with  nitric  acid).  They  have  the  formula  OnHsn+i*SOtH. 
The  alkylgroup  remains  intact  during  this  oxidation,  for  the  salts  of 
these /suiphonic  acids  are  also  formed  when  an  alkyl  iodide  reacts  with 
a  sulphite : 

C.H>1I  +  K|SO,K  =  KI  +  C,H>SO,K. 

Since  the  sulphur  in  mercaptans  is  directly  linked  to  carbon,  the 
aame  holds  good  for  the  suiphonic  acids.    This  is  further,  proved  by 
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the  fact  that  the  latter  yield  mercaptans  on  redaction.    The  stmctnre 
of  ethylsulphonic  acid  is  therefore 

CH,.CH,.SO,H. 
The  group  SOsH  mnst  contain  a  hydrozyl-group,  becanse  PCI» 
yields  with  a  sulphonic  acid  a  compound  0nHsn4.i-S0sCl,  from  which 
the  sulphonic  acid  may  be  regenerated  by  the  action  of  water.  The 
structure  of  the  compound  is  therefore  0U«*0Hs*SOs*OH,  which  leaves 
it  still  doubtful  whether  the  group  SOs  contained  in  it  has  the  structure 

8<  i  orS^     ;    that  is,  whether  the  sulphur  in  sulphonic  acids  is 

0  O 

tetravalentorhexavalent.   The  alky  I -sulphonic  acids  are  strongly  acid, 

"    very  hygroscopic,  crystalline  substances,  and  very  soluble  in  water. 

In  the  ^bove- mentioned   compounds  CnHan-f  i-SOaCl,  called  sul- 

phonic  chlorides^  chlorine  can  be  replaced  by  hydrogen  when  it  acts 

on  them  in  the  nascent  state  ;  the  bodies  thus  obtained  have  the 

formula  CnH«mi-S^*,  and  are  called  sulphinic  acids.     When  an 

alkyl  halide  reacts  with  the  sodium  salt  of  a  sulphinic  acid,  a  snl- 
phone  is  formed  (67): 

0,H.«S^ 5-|C.H.  =  S'5*>S0,  +  NaBr. 

|Na  4-  Br|  Ud.'" 

This  mode  of  preparation  is  a  proof  of  the  constitution  of  the  snl-^ 
phones. 

Analogous  selenium  and  teUurium  compounds  are  known,  cor* 
responding  to  the  majority  of  the  sulphur  compounds  just  described^ 
These  also  have  a  most  offensive  smelL 
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I.  AMIHES. 

69.  At  thé  beginning  of  the  previons  section  (65)  it  is  stated 
that  the  properties  possessed  by  inorganic  compoands  are  even 
more  marked  in  their  organic  derivatives.  The  compounds  to  be 
doBcribed  in  this  section  afford  another  striking  example  of  this 
phenomenon. 

The  term  aminesjs  applied  generally  to  substances  which  may 
be  regarded  as  derived  from  ammonia  by  exchange  of  hydrogen  for 
alkyl-radicles.  The  most  characteristic  property  of  ammonia  is 
its  power  of  combining  with  acids  to  form  salts  by  direct  addition: 

Trivalent  nitrogen  is  thereby  made  t)eBtavalent,  a  change  ap- 
parently intimately  connected  with  its  basic  character.  This 
property  is  also  found  among  the  alkylamines.  They  are,  at  least 
those  low  in  the  series,  better  conductors  of  electricity,  for  the 
same  molecular  concentration  of  their  aqueous  solutions,  and  are 
therefore  more  strongly  basic  than  ammonia  (^^  Inorganic  Chem- 
istry,''  66  and  238).  This  applies  also  to  the  organic  compounds 
corresponding  to  NH^OH,  ammonium  hydroxide.  The  last- 
named  substance  is'  not  known  in  the  free  state,  but  it  exists  in 
the  aqueous  solution  of  ammonia.  It  is  very  unstable,  being  com- 
pletely decomposed  into  water  and  ammonia  when  its  solution  is 
boiled.  It  has  only  weakly  basic  properties,  because  there  are 
but  few  NH^-ions  and  OH-ions  in  its  aqueous  solution,  apparently 
because  the  compound  NH^OH  has  a  very  strong  tendency  to 
break  up  into  NH,  and  H,0.  Such  a  decomposition  is,  however, 
DO  longer  possible  for  compounds  containing  four  alkyl-groups  in 
the  place  of  the  four  hydrogen  atoms  of  the  NH^-group;  experi- 
ence has  shown  that  these  compounds  possess  great  stability. 
Since  the  nitrogen  cannot  revert  to  the  trivalent  condition, 
their  basic  character,  in  comparison  with  that  of  NH^OH,  is  so 
strengthened  that  they  are  ionized  to  the  same  degree  as  the 
alkalis;  they  are  almost  completely  split  up  in  solutions  whose 
dilation  is  ^ir  ot  the  normal. 

The  amines  yield  complex  salts  fully  analogous  to  the  platinum 
salt,  (NH^),RC1,,  and  the  gold  salt,  NH^AuCl^,  of  ammonia. 
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Nomenolatnre  and  IsomeritUL 

70.  The  amines  are  called  primary,  secondary  f  or  tertiary, 
according  to  whether  one,  two,  or  three  hydrogen  atoms  of  NH, 
have  heen  exchanged  for  alkyl.  The  compounds  NE^OH,  in 
which  R  stands  for  an  alkyl-radicle,  are  called  quaternary  am- 
monium bases*  m         ^ 

Isomerism  in  the  case  of  the  amines  may  be  due  to  different 
canses.  First,  to  branching  of  the  carbon  chain,  jast  as  in  the 
case  of  the  alcohols,  etc.  Second,  to  the  position  occupied  by  the 
nitrogen  in  the  molecule.  Third,  to  both  causes  together.^  In 
addition  to  these,  the  primary,  secondary,  and  tertiary  nature  of  the 
amines  must  be  taken  into  account.  A  compound  CjH^N,  for  ex- 
ample, can  be  propylamine  or  isopropylamine,  CH,.CH,.CH,«NH, 

CH  PIT 

or    Q2'>^H*^Ht»     primary;      methylethylamine,  q^>NH, 

8  t       S 

OH.. 

secondary;  trimethylamine,  CH,-^N,  tertiary. 

CH,/ 

Hethods  of  Formation. 

71.  When  an  alcoholic  or  aqueous  solution  of  ammonia  is 
heated  with  an  alkyl  halide,  the  following  reactions  take  place: 

I.  C,H,,^,.C1  +i'NH,  =  HCl  +  C„H,,^,NH,  +  (i7-.l)NH,. 

The  alkyl-group  thus  takes  the  place  of  one  hydrogen  atom  in 
NH,,  this  atom  uniting  with  the  halogen  atom  of  the  alkyl  halide 
to  form  a  haloid  acid.  This  acid  can  unite  with  the  primary  amine 
which  has  been  formed,  or  with  the  ammonia,  and  does  in  fact 
combine  with  a  portion  of  each. 

The  primary  amine  remaining  free  reacts  further  with  the 
alkyl  halide  in  the  same  way: 

II.  C,H,,^,C1  +  ?NH,.C,H,,^,  =  HCl  +  (C,H,„^,),NH 

+  (^-l)NH,.0,H^. 

A  part  of  this  secondary  amine  also  remains  free  and  enters 
into  reaction  in  its  turn: 

III.  C,H,„^,.C1  +  r(C,H,,^,),NH  =  HQ  +  (CnH^+i),N 

+  (r  -  1)NH(C,H^^^ 

Lastly,  the  tertiary  amine,  which  also  remains  partly  free. 
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nnites  with  the  alkyl  halide^  yielding  the  halogen  salt  of  a  quatei- 
nary  ammonium  base: 

IV.  (O.H^+0.N  +  0.H^+,.01  =  (C„H,.+,).N.CL   * 

It  is  assumed  in  the  foregoing  that  excess  of  ammonia  is 
employed;  but  even  when  this  is  not  the  case,  and  in  general  for 
every  proportion  of  alkyl  halide  and  ammonia,  the  reaction  takes 
place  in  these  four  phases.  The  final  result  is,  therefore,  that  the 
pripaary^  secondary,  and  tertiary  amines,  and  the  ammonium  base, 
are  formed  together.  It  is  often  possible,  however,  so  to  adjust 
the  proportion  of  ammonia  and  alkyl  halide,  together  with  the 
duration  of  the  reaction,  etc.,  «that  a  given  amine  is  the  main 
product,  and  the  quantities  of  the  other  amines  are  small.  The 
nature  of  the  alkyl-group  also  exercises  a 'great  influence  upon  the 
character  of  the  reaction-product. 

The  separation  of  the  mixture  of  amines  so  obtained  is  often 
diflScult,  there  being  no  method  generally  applicable.  The  separa- 
tion of  the  ammonium  bases  from  the  anmionia  and  amines  is 
simple,  because  while  the  amines  are  liquids  volatilising  without 
decomposition,  the  lower  members  being  even  gases,  the  am- 
monium bases  are  not  volatile.  When,  therefore,  the  mixture  of 
the  amine  hydrohalides  and  the  ammonium  bases  is  distilled  after 
addition  of  caustic  potash,  the  free  amines  only  pass  over. 

In  order  to  separate  the  primary  from  the  mixture  of  the 
hydrohalides  of  the  three  amines,  fractional  crystallization  is 
largely  made  use  of  in  their  preparation,  at  least  in  the  case  of  the 
lowest  members,  methylamine,  dimethylamine,  etc.  The  higher 
terms,  beginning  with  the  propylamines,  can  be  separated  by  frac- 
tional distillation. 

Various  methods  of  preparing  primary  amines  unmixed  with 
secondary  or  tertiary  are  known  (85,  104,  244,  264,  and  328). 

The  velocity/  of  the  formation  of  tetradlkylammonium  iodides 
from  triethylamine  and  an  alkyl  iodide  or  bromide  has  been  inves- 
tigated by  Mekschutkin.  It  is  apparently  a  bimolecular  reaction 
(^'Inorganic  Chemistry,^'  50)^  and  therefore  takes  place  according 
to  the  equation 

dx 
8=-^  -kia-'  x)(b  -  rr), 

where  «is  the  velocity,  k  the  constant  of  the  reaction,  a  and  b  the 
qnantities  of  amine  and  iodide  by  unit  volume  expressed  in  mole- 
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culeSj  and  x  the  quantity  of  both  which  has  entered  into  reaction 
after  the  time  t.  For  the  investigation  of  these  velocities,  weighed 
quantities  of  the  amine  and  iodide  are  brought  into  contact  in  a 
suitable  solvent,  the  solution  heated  in  a  sealed  tube  at  100^,  and 
after  known  intervals  of  time  x  determined.  With  the  aid  of 
higher  mathematics  it  is  possible  to  solve  the  equation  for  Jt,  and 
it  is  found  that  the  value  of  k  is  constant  for  every  reaction  :  that 
is,  if  corresponding  sets  of  values  are  substituted  for  t  and  x  in  the 
equation,  on  solving  it  the  same  value  is  always  obtained  for 
h.  The  greater  the  molecular  weight  of  the  alkyl-radicle  is,  the 
smaller  is  k,  although  the  decrease  is  not  very  marked;  for  ex- 
ample, when  the  amine  reacts  with  propyl  bromide,  k  =  0*00165; 
with  octyl  bromide  k  =  0*00110  (using  acetone  as  a  solvent). 
The  equation  is  applicable  in  all  cases,  being  independent  of  the 
solvent  used,  which  might  be  expected  from  the  fact  that  it  does 
not  contain  any  term  dependent  upon  the  nature  of  the  solvent. 
There  was  made,  however,  an  unexpected  observation,  for  the 
present  unexplained,  of  ,the  extraordinarily  great  influence  which 
the  nature  of  the  solvent  has  upon  the  values  of  k.  Using  hexane 
as  a  solvent,  k  =  0*000180  for  the  combination  of  triethylamine 
and  ethyl  iodide;  for  methyl  alcohol,  on  the  other  hand,  k  = 
0-0516,  or  286-6  times  as  much. 

Properties. 

72.  The  primary,  secondary,  and  tertiary  amines  are  sharply 
distinguished  from  one  another  by  their  differeiit  behaviour 
towards  nitrous  acid,  HO  «NO. 

Primary  amines,  when  treated  with  this  acid,  give  an  alcohol» 
nitrogen  being  evolved : 


+  0H 


N 


=  C„H„+,.OH  +  N,  +  H.O. 


The  reaction  is  fully  analogous  to  the  decomposition  of  ammouiam 
ditrite  into  water  and  nitrogen : 


NH,.HONO  = 


H 
HO 


=  2H,0  +  N,. 


Secondary  amines  yield  nitrosaminea: 


(C„H^+,).NH  +  HO|lfO  =  (0„H^+,),N.NO  +  H,0. 
The  lower  members  of  these  are  yellowish  liquids  with  a  charao- 
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terifitic  odonr^  and  are  slightly  soluble  in  water.  They  are  easily 
reconverted  into  secondary  amines  by  the  action  of  concentrated 
hydrochloric  acid  (285) ;  this  is  a  proof  of  the  structure  given 
aboTe,  because  if  the  nitroso-group  were  directly  linked  to  a  carbon 
atom  either  by  its  oxygen  or  by  its  nitrogen,  it  would  not  be 
possible  thus  to  reconvert  it  into  a  secondary  amine. 

Tertiary  amines  are  unacted  upon  by  nitrous  acid. 

Their  behaviour  with  nitrous  acid  is  therefore  a  means  of  dis- 
tinguishing the  three  classes  of  amines  from  one  another.  It  also 
serves  as  a  basis  for  the  separation  of  the  secondary  and  tertiary 
amines  in  the  pure  state  from  a  mixture  of  the  two.  When  a 
concentrated  solution  of  sodium  nitrite  is  added  to  a  hydrochloric 
acid  solution  of  a  mixture  of  the  two  amines,  the  secondary  amine 
is  converted  into  a  nitrosamine,  which  collects  as  an  oily  layer  on 
the  surface  of  the  aqueous  solution,  and  can  be  removed  by  means 
of  a  separating-funnel.  The  tertiary  amine  is  not  attacked,  but 
remains  in  the  aqueous  solution  in  the  form  of  a  salt ;  it  can  be 
obtained  by  distilling  with  caustic  potash.  It  should  be  mentioned 
that  any  primary  amine  which  may  be  present  is  decomposed 
during  the  process. 

Another  method  of  distinguishing  between  primary,  secondary, 
and  tertiary  amines  consists  in  the  determination  of  the  number  of 
alkyl-groups  with  which  the  amine  can  combine.  For  example,  if 
a  compound  CjH^N  is  propylamine,  CjH^NH, ,  it  should  yield,  when 
heated  with  excess  of  methyl  iodide,  a  compound 

•^  NI  —  C  H  NI- 
(CH,),    ^""^•^"^^^ 

if    C,H,N  =  ^^ft>NH,     the    same    treatment     should    yield 

ml\  ^^  =  C,Hj,NI;  kstly,  if  C,H,N  =  (CH,),N,  there  would  be 

obtained  (CH,)^NI  =  C^Hj,NI.  A  titration  of  the  iodine  ion  of. 
the  quaternary  ammonium  iodide  formed  is  sufficient  to  determine 
whether  C,H,N  is  primary,  secondary,  or  tertiary. 

Individual  Hembers. 

73.  The  lower  members  are  inflammable  gases  which  are  very 
soluble  in  water;  thus,  1150  volumes  of  methylamine  dissolve  in 
one  volume  of  water  at  12-5°.     The  succeeding  members  have  low 
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boiling-points,  and  are  miscible  with  water  in  all  proportions.  Both 
they  and  the  lowest  members  have  a  characteristic  ammoniacal 
smell,  like  boiled  lobsters.  The  highest  members  are  odourless 
and  insoluble  in  water.  The  specific  gravities  of  the  amines  are^ 
appreciably  less  than  1,  that  of  methylamine  being  only  0*699 
at  —  11°.  The  following  table  indicates  the  variations  of  their 
boiling-points : 


Alkyl-Radide. 


Methyl.. 
Etbyl . . . 
«•Propyl 
7i-Butyl. . 
n-Octyl . . 


Primary. 


49" 
76" 

180" 


Beoondai^. 


7" 

56" 

98" 

160" 

297" 


Tertiary. 


8.5" 

90" 
156" 
215" 
866" 


Methylamine  occurs  in  Mercurialis  perennia,  diniethylamine  and 
trimethylamine  in  herriug-brine. 

Tetramethylammonium  hydroxide  is  obtained,  like  all  its  homo- 
logues,  by  treatment  of  its  haloid  acid  salt  with  moist  silver  oxide, 
Ag-OH;  it  is  a  white,  crystalline  mass,  and  is  very  hygroscopic. 
It  is  decomposed  by  heat  into  trimethylamine  and  methyl  alcohol : 

(CH,),N.On  =  (CH,),N  +  CH.OH. 

The  higher  ammonium  bases  are  converted  by  heat  into  a  tri- 
alkylamine,  water,  and  a  hydrocarbon  C„H,n: 

(C,HJ,N.OH  =  (C.H.).N  +  C.H,  +  H,0. 

^  TriethylatniDe     Ethylene 

The  structure  of  the  ammonium  bases  is  thus  explained.  The 
nitrogen  atom  is  the  only  one  in  the  molecule  which  is  able  to 
link  itself  to  the  four  monovalent  alkyl-groups,  and  to  the  mono- 
valent hydroxyl-group.  It  must  be  assumed  to  be  pentavalent  in. 
these  compounds,  and  the  constitution  of  the  ammonium  bases  is. 
therefore 

in  which  n,  m,  p,  and  r  may  be  like  or  unlike. 

Alkyl-derivatives  of  hydrazine  or  diamide,  HjN-NHi,  are  also- 
known.  Among  the  methods  for  their  preparation  may  be  mentioned 
the  direct  introduction  of  an  alkyl-gronp  into  hydrazine,  and  the  care«- 
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fnl  redaction  of  nitrosamines  (72).  They  haye  little  power  of  resist- 
ance towards  ozidizing-agents,  an  alkaline  copper  solution,  for 
example,  being  reduced  by  them  at  the  ordinary  temperature. 

74.  Triethylamine  is  soluble  in  water,  although  at  about  20**  this 
solution  separates  into  two  layers.  The  upper  of  these  consists  of  a 
solution  of  water  in  the  amine,  and  the  lower  of  a  solution  of  the- 
amine  in  water.    In  the  neighbourhood  of  20°  a  slight  rise  in  temper- 
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Fig.  27.— Solubility  Curve  for  Tbimethylaminb  and  Watkr^ 
100 


F10.  28. — UsuA^.  FoBM  of  Solubility  Curve  por  Two  Liquii>s. 

atnre  is  able  to  e£Fect  this  separation  into  two  layers,  merely  holding 
the  tube  for  a  moment  in  the  warm  hand  being  sufficient. 

Why  this  separation  takes  place,  and  at  what  temperature,  is  mos't 
easily  understood  by  a  consideration  of  the  curve  of  solubility  of  the 
system  amine  +  water.  This  amine  (Fig.  27)  is  less  soluble  in  warm 
water  than  in  cold,  and  below  20''  is  miscible  with  water  in  all  propor- 
tions. If,  for  example,  increasing  quantities  of  the  amine  be  added  to 
water  at  80^,  it  dissolves  until  the  amount  of  amine  reaches  about  6% 
(qf.  Fig.  27).  The  solution  is  then  saturated,  and  addition  of  more  of 
the  amine  produces  a  second  layer  of  liquid.  On  the  other  hand,  when 
water  is  added  to  trimethylamine  at  25'',  it  dissolves  until  the  amount 
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of  water  reaches  about  5^  (q/l  Fig.  27);  beyond  this  point  two  layers 
are  formed.  The  line  DC  is  the  solubility  curve  for  water  dissolved  in 
trimethylamine,  and  the  line  AB  that  for  trimethylamine  in  water. 
When  the  temperature  falls,  the  solubility  of  the  water  in  the  amine 
increases  on  the  one  hand,  and  on  the  other,  that  of  the  amine  in  the 
water,  so  that  the  solubility  lines  meet  one  another  between  B  and  C. 
The  whole  area  is  then  divided  into  two  parts  by  the  solubility  curves. 
All  the  points  within  ABCD  correspond  to  two  layers  of  liquid,  and 
all  the  points  outside  it  to  a  homogeneous  mixture. 

If,  for  example,  the  abscissa  PQ  is  ^rawn  for  a  mixture  of  20^  of 
amine  and  80JK  of  water,  the  mixture  is  homogeneous  for  all  temper- 
atures up  to  the  point  i2,  and  heterogeneous  above  that  temperature. 
Along  the  very  steep  portion  of  the  curve,  represented  in  this  special 
case  by  the  part  BC^  a  slight  rise  in  temperature  must  evidently  result 
in  separation  of  the  liquid;  because  although  at  about  20^  (the  point  R) 
two  liquid  layers  are  just  about  to  form,  of  which  the  aqueous  layer 
would  contain  20^  of  amine,  at  R\  corresponding  to  an  increase  of 
temperature  of  less  than  1°,  the  latter  contains  80^  of  amine,  when  the 
liquids  must  separate  into  two  layers.  It  follows  that  in  this  part  of 
the  curve  a  small  rise  of  temperature  must  cause  a  separation  of  water 
sufficient  to  alter  the  composition  of  one  of  the  layers  from  20^  to  80^ 
of  amine. 

It  has  been  already  mentioned  that  the  relative  solubility  curve  for 
the  system  water  +  triethylamine  has  a  special  path  in  the  portion 
BC  The  whole  curve  differs,  however,  from  those  obtained  in  ordi- 
nary cases.  The  solubility  of  liquids  which  are  partially  miscible  with 
one  another  usually  increases  with  the  temperature,  just  as  in  the  case 
of  solids  and  liquids.  The  curve  is  therefore  exactly  reversed,  so  that 
it  is  usually  as  represented  in  Fig.  28. 

n.  HirRO-COXPOVlTDS. 

75.  When  silver  nitrite  reacts  with  an  alkyl  iodide,  two  com- 
pounds are  formed,  both  of  which  have  the  empirical  formula 
€nH,„+jNO,.  They  have  different  boiling-points,  there  being 
obtained  from  ethyl  iodide,  for  example,  a  substance  CiH^NO,, 
boiling  at  17°,  and  another  boiling  at  113°-114^  The  two 
isomers  are  therefore  easily  separated  by  fractionation. 

The  compound  of  lower  boiling-point  is  decomposed  into 
Alcohol  and  nitrous  acid  by  the  action  of  caustic  potash;  it  must 
therefore  be  looked  upon  as  an  ester  of  nitrous  acid,  being  formed 
in  accordance  with  the  following  equation: 


CnH^+x  I  +  Ag  .ONO  =  C,H,„^,.ONO+  Agl. 
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When  these  esters,  or  alkyl  niirites,  are  reduced,  they  are  con- 
yerted  into  an  alcohol  and  ammonia. 

The  compound  boiling  at  the  higher  temperature  behaves  quite 
differently.  It  is  not  converted  into  a  nitrite  and  alcohol  by  the 
action  of  alkalis,  and  on  reduction  its  two  oTyjrftn  ^tnpxfj  are 
replaced  by  two  hydrogflTI  n^^^^^  with  the  formation  of  a  primary 
amine: 

The  last  reaction  shows  that  the  nitrogen  in  this  class  of  com- 
pounds is  directly  linked  to  carbon,  because  this  is  the  case  with 
the  amines.  The'  oxygen  atoms  cannot  be  linked  otherwise  than 
to  the  nitrogen,  because  the  reduction  to  amine  takes  place  at  the 
ordinary  temperature;  it  is  not  possible  under  these  conditions  to 
replace  oxygen  which  is  linked  directly  to  carbon,  for  neither  from 
alcohols  nor  from  ethers  is  it  possible  to  obtain,  by  reduction  at 
low  temperatures,  substances  which  do  not  contain  oxygen.  This 
leads  to  the  conclusion  that  these  substances,  which  are  called 
^iiro-compounds,  must  have  the  constitution  CnH,„^.j — NO,. 

Mtro-compounds  therefore  contain  a  group  NO^ ,  the  nitrogen 
atom  of  which  is  directly  linked  to  carbon ;  the  group  — NO^  i» 
called  the  nitro-group. 

The  names  of  these  compounds  are  formed  from  those  of  the 
saturated  hydrocarbons  by  the  addition  of  the  prefix  mtro.  The 
impound  CH,NO,  is  thus  nitromethane;  C^H^NO,  is  nitroethane; 
®^^-  ^Itroparaffins  is  the  general  name  of  the  members  of  this 
homologous  series.  They  are  colourless  liquids  of  ethereal  odour, 
the  lower  terms  being  slightly  soluble  in  water;  they  distil  with- 
^^t  decomposition. 

76.  The  nitro-derivatives   have  a    number  of  characteristic 

P^perties.     One  of  these  is  their  possessing  one  hydrogen  atom 

'öplaceable  by  alkali-metals,   especially  sodium.      This  sodium 

conipoiiiid  is  most  easily  obtained  by  the  action  of  sodium  ethylate 

^ï"  inethylate  upon  the  nitro-compound  in  alcoholic  solution.     A 

"^0,  white,  crystalline  precipitate  is  thus  formed,  which  in  the  case 

0*  ï^itroethane,   for  example,   has  the  composition  C,H^NaNO,. 

^^«  insolubility  of  these  sodium  compounds  in  absolute  alcohol 

<*ï^  sometimes  be  made  use  of  to  separate  the  nitro-paraffins  from 

«ther  substances. 
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This  power  of  exchanging  hydrogen  for  sodinm  only- exists 
when  there  is  at  least  one  hydrogen  atom  linked  to  the  carbon  atom 
to  which  the  nitro-group  is  attached.  In  the  same  way  as  from 
nitroethane^  a  metallic  compound  is  also  obtained  from  secondary 

CH  ^^sV 

nitropropane,    CH,-CH<-^q»;    but  nitrobutane,    CH,-^C-NO,, 

does  not  yield  any  corresponding  metallic  derivatiye.  It  was 
formerly  supposed  that  the  metallic  atom  in  these  sodium  com- 
pounds occupied  the  position  of  a  hydrogen  atom  which  was  linked 
to  the  carbon  atom  attached  to  the  NO,-group;  thus  C,H^NaNO, 

/NO, 
was  supposed  to  have  the  structure  CH.-C^H    .      It  has  been 

NNa 
Bhown  that  this  is  not  the  case,  as  will  be  indicated  in  the  section 
dealing  with  the  pseudo-acids  (281).       *     V;  .... 

When  an  alkaline  solution  of  a  nitro-compound  is  brought  into 
«contact  with  bromine,  one  or  more  of  its  hydrogen  atoms>  when 
linked  to  the  same  carbon  atom  as  the  nitro-group,  is  replaced  by 
bromine.  This  reaction  is  analogous  to  the  above-mentioned 
substitution  by  metals,  Ifc  being  still  possible,  for  example,  to  in- 
troduce one  bromine  atom  into  CH,»CHBrNO,,  but  not  into 
/Br 

\no; 

77.  The  behaviour  of  nitro-compounds  with  nitrons  acid  is  very 
characteristic,  and  a£Fords  a  method  of  distinguishing  primary,  sec- 
ondary, and  tertiary  nitro-denvatives  from  one  another.  The  reac- 
tion is  carried  out  by  adding  sodium  nitrite  to  an  alkaline  solution  of 
the  nitro-compound,  and  acidifying  with  dilute  sulphuric  acid.  In  the 
case  of  a  primary  nitro-compound,  an  alkyl-nUrólic  add  is  formed  : 

CH,C|Ht  +  0|NOH  =  CH.C^^Q^^  +  H,0. 
\NOi  EthylnUrollo  acid 

The  constitution  of  these  compounds  is  indicated  by  their  produc- 
tion from  a  dibromonitro-compound  by  the  action  of  hydrozylamine, 
H,NOH : 


NOH 


CH..0  Brt  -i-  H,|NOH  =  CHbC^^q^"  +  2HBr. 


\no. 

The  alkyl-nitrolic  acids  dissolve  in  alkalis,  yielding  metallic  com? 
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pounds  with  a  blood-red  colour,  this  reaction  affording  a  characteristic 
test  for  them.    They  crystallize  well,  but  are  by  no  means  stable. 
The  secondary  nitrocompounds  yield  pseudordtroU  when  similarly 

NO 

treated.    They  contain  the  group  ss  C<^q  : 

Propyl  paeudonltrol 

The  pseudonitrols  are  colourless,  crystalline  substances,  which 
have  an  intense  blue  colour  in  the  fused  state  or  in  solution;  this 
characteristic  serves  as  a  test  for  them. 

Lastly,  the  tertiary  nitro-compounds  are  not  acted  upon  by  nitrous 
acid. 

Among  the  other  properties  of  nitro-compounds  may  be  mentioned 
their  decomposition  into  the  aci4  containing  the  same  number  of 
carbon  atoms,  and  hydrozylamine,  when  heated  with  hydrochloric 
acid: 

OH,OH,.NO,  +  H,0  =  CH,.COOH  +  H,NOH. 
Nitroethane  Acetio  acid      Hydroxylamine 


ALEYL-EADICLE8   LINKED   TO   OTHEE  ELEMENTS. 

I.  ALKYL-RADICL£8  LDTKED  TO  ELEMSVT8  07  THE  KITBOOEK  GROUP: 

78.  Ammonia  unites  readily  with  acids,  with  formation  of  salts. 
Phosphoretted  hydrogen  also  possesses  this  property,  although 
the  phosphonium  salts,  PH^X,  are  decomposed  even  by  water  into 
an  acid  and  phosphoretted  hydrogen. 

The  basic  character  has  wholly  disappeared  in  the  case  of 
arseniuretted  hydrogen  and  antimoniuretted  hydrogen;  bismuth, 
does  not  yield  a  hydride,  and  possesses,  in  fact,  only  very  slight 
traces  of  the  characteristics  of  metalloids. 

Ammonia  cannot  be  easily  oxidized,  and  is  unacted  upon  by 
the  oxygen  of  the  atmosphere  at  ordinary  temperatures.  On  the^ 
other  hand,  the  hydrides  of  phosphorus,  arsenic,  and  antimony 
are  easily  oxidized,  C  *  .  " 

All  the  above-mentioned  properties  are  displayed  by  the  com- 
pounds which  these  elements  form  with  alkyl-radicles. 


Phosphines. 

79.  The  amines  yield  stronger  bases  than  ammonia;  in  the  same 
way  the  phosphines  yield  stronger  bases  than  PH» ,  this  becoming 
more  marked  with  increase  in  the  number  of  alkyl-groups  which  have 
replaced  hydrogen  atoms.  The  salts  of  the  monoalkyl-phosphines,  for 
example,  are  decomposed  by  water,  whereas  those  of  the  dialkyl-phos- 
phines  and  trialkyl-phosphines  are  not.  The  quaternary phasphojiium 
hasesy  PR4OH,  are  as  strongly  basic  as  the  ammonium  bases.  When  & 
phosphonium  base  is  heated,  it  does  not,  like  an  ammonium  base,  split 
up  into  an  alcohol  (or  OnHjn  +  H,0)  and  a  trialkyl  base,  but  into  a 
hydrocarbon  CnHto  +  2  and  an  oxygen  compound : 

(CHO.P.OH  =  0,H.  +  (CHO.-PO. 

This  substance  is  called  triethylphosphine  oxide.  In  this  reaction, 
the  great  affinity  between  phosphorus  and  oxygen  plays  an  important 
part,  this  affinity  being  also  indicated  by  the  ease  with  which  the 
phosphines  undergo  oxidation,  a  change  effected  even  by  the  action 
of  the  air.  Nitric  acid  oxidizes  PH«  to  phosphoric  acid,  OP(OH)i;  in 
an  analogous  manner  the  phosphines  take  up  one  oxygen  atom,  and  in 
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additioD  as  many  oxygen  atomB  as  there  are  hydrogen  atoms  directly 
linked  to  phosphorus : 

H,     ^^®*  (HO),^  '^'  H  ^  ^^^      HO  ^  •  ^ 

Monomethylphosphinic  DimetbylphoBphlnlc 

and  (0H.)3  =  P  gives  (0H«),  =  P  :  0. 

Trimethylphosphine  oxide 

The  constitution  of  these  compounds  is  proved  in  various  ways ; 
for  instance,  by  the  fact  that  the  monooLkyl-phosphinic  acids  are  di- 
basic, that  the  dicdkyUphasphinic  acids  are  monobasic,  and  that  the 
trialkyl^hosphine  oocides  have  no  acid  properties. 

The  phosphines  are  colourless  liquids  with  a  penetrating,  stupefy- 
ing odour.  Methylphosphine,  OHf PHs ,  is  a  gas ;  triethylphosphine 
in  very  small  quantities  has  an  odour  of  hyacinths. 

Methods  of  Formation. — Only  tertiary  phosphines  and  phosphonium 
compounds  are  formed  by  the  action  of  alkyl  halides  upon  PH«. 
Primary  and  secondary  phosphines  are  obtained  by  heating  phospho- 
nium iodide,  PH4I,  with  an  aJkyl  iodide  and  zinc  oxide. 

Arsines. 

to.  The  primary  and  secondary  arsines,  HaAsOHi  and  &As(GHs)i , 
are  obtained  by  reduction  of  monomethylarsenic  and  dimethylarsenic 
acid,  (CH«)HAsO.OH  and  (CH.),AsO.OH,  by  amalgamated  zinc-dust 
and  hydrochloric  acid.  Both  are  immediately  oxidized  by  the  air. 
Tertiary  arsines  do  not  yield  bases  with  water.  They  are  formed  by 
the  action  of  a  zinc-alkyl  on  AsCU ,  and  from  sodium  arsenide  and 
an  alkyl  iodide : 

AsNa,  +  3C,H.I  =  As(0,H.),  +  3NaI. 

Quaternary  arsonium  baseSy  however,  have  strongly  marked  basic 
properties.  They  are  formed  by  the  addition  of  alkyl  halides  to 
tertiary  arsines,  and  treatment  of  the  resulting  halide  with  silver 
hydroxide. 

The  most  studied  arsenic  derivatives  containing  alkyl-radicles  are 
the  cacodyl  compounds.  They  were  investigated  by  Bünsen,  who 
gave  them  this  name  in  consequence  of  their  offensive  smell.  They 
are  very  poisonous.    The  name  cacodyl  is  applied  to  the  monovalent 

group  Qg'>  As— .  _  Cacodyl  oxide,  [(CH«)»As]aO,  is  formed  by  dis- 
tilling arsenic  trioxide  with  the  acetate  of  an  alkali-metal.  All  the 
other  cacodyl  compounds  are  obtained  from  cacodyl  oxide;  thus 
cacodyl  chkride,  (CH«)aAsCl,  is  prepared  by  heating  the  oxide  with 
hydrochloric  acid.  This  chloride,  and  cacodyl,  (CHt)9A8- As(CH»)i,  are 
both  spontaneously  inflammable  when  brought  into  contact  with  air. 
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Stibines. 

The  tertiary  stibines  and  the  quaternary  stibonium  bases  have  been 
obtained  from  antimony.  The  first  named  are  very  readily  oxidized, 
taking  fire  spontaneously  in  the  air.  The  stibonium  bases  are  quite 
as  basic  in  their  character  as  the  corresponding  N,  P,  and  As  deriva- 
tives.   The  pentamethyl-deriTative  Sb(OHa)s  is  also  known. 

Bismnthineft. 

Bismuth  does  not  yield  a  hydride,  but  tertiary  bismuihineSy  such 
as  (CsH6)fBi,  are  known.  They  are  very  unstable,  and  explode  when 
heated.  They  do  not  form  addition-products  with  alkyl  halides,  so 
that  the  **  bismuthonium  bases  "  are  not  known. 

n.    ALXYL-BADICLE8    LIKKED  TO    THE  ELEMENTS  OP  THE   CABBOH 

OE0ÜP. 

8L  The  elements  in  each  group  or  column  of  the  periodic  system 
are  divided  into  two  sub-groups,  in  one  of  which  the  elements  are  of 
an  electro-positive,  base-forming  character,  and  in  the  other  of  an 
electro-negative,  acid-forming  character  ('*  Inorganic  Chemistry," 
213).  The  first  division  of  the  carbon  group  contains  titanium,  zir- 
conium, and  thorium,  and  the  second,  carbon,  silicon,  germanium, 
tin,  and  lead.  It  has  generally  been  observed,  not  merely  of  the 
carbon  group,  but  also  of  the  other  groups,  that  only  elements  belong- 
ing to  electro-negative  sub-groups  are  capable  of  yielding  alkyl-coni- 
pounds.  For  this  reason,  Menbelejeff  predicted  in  1870  that  the  then 
unknown  element  germanium  would,  in  accordance  with  its  position 
in  the  periodic  system,  yield  alkyl-derivatives;  this  prediction  was 
confirmed  by  the  researches  of  Winkler,  to  whom  we  are  indebted  for 
the  discovery  of  this  element.  Titanium  being  an  element  belonging 
to  the  electro-positive  sub-group,  and  in  many  respects  resembling 
silicon,  it  has  not  been  found  possible  to  prepare  its  alkyl-derivatives. 

The  elements  silicon,  germanium,  tin,  and  lead,  like  carbon,  are 
tetravalent.  Numerous  attempts  have  been  made  to  prepare  com- 
pounds containing  chains  of  silicon  atoms  resembling  the  carbon 
chains.  They  have  not  been  successful,  no  compounds  containing  a 
chain  of  more  than  three  silicon  atoms  having  been  prepared.  As  far, 
therefore,  as  is  at  present  known,  silicon  lacks  the  power  of  linking 
itself  together  in  chains  to  the  same  extent  as  carbon.  On  account  of 
this  defect,  a  **  Chemistry  of  Silicon'',  analogous  to  the  *^ Chemistry 
of  Carbon  ^\  is  not  possible. 

The  silico-alkyls  have  a  character  analogous  to  that  of  the  similarly 
constituted  carbon-alkyl  compounds.  For  example,  silicon  tetraethyL 
Si(CsHft)4,  and  carbon  tetraethyl^  C(CtHft)«,  are  known;  both  are  liquids. 
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and  are  not  acted  upon  by  either  fuming  nitric  or  fuming  sulphuric 
acid  at  the  ordinary  temperature,  but  they  both  yield  substitution- 
products  with  chlorine.  SUicoheptafie,  (CiHs)sSiH,  has  a  petroleum- 
like odour,  in  which  it  resembles  Methylmethane,  (0«H»VsCFI. 

Organic  compounds  of  tin  have  been  prepared  by  Pope,  which  con- 
tain the  Sn-atom  linked  to  four  dissimilar  groups  and  therefore  possess 
an  asymmetric  Sn-atom,  He  has  also  succeeded  in  splitting  these  up 
into  their  optically-active  components. 
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88.  When  ethyl  iodide  is  warmed  with  zinc,  a  white  crystalline 
compound,  C^H^Znl,  is  formed,  and  when  this  is  more  strongly 
heated,  Znl,  and  Zn(C,H^),  result: 

2C,H,ZnI  ==  Zn(C,H,),  +  Znl,. 

Zinc-ethyl  can  be  separated  by  distillation,  which  must  be  per- 
formed in  an  apparatus  free  from  air,  because  it  burns  spon- 
taneously when  exposed  to  it,  as  do  also  the  other  zinc-alkyls. 

The  metallo-alkyls  are  colourless  liquids,  heavier  than  water. 
Zinc-methyl  boils  at  46°,  zinc-ethyl  at  118°,  and  zinc-propyl  at 
146\ 

When  alkyl  iodides  react  with  zinc-alkyls,  saturated  hydro- 
carbons  are  formed  (29) : 


CH,^U^    ,   I 


;S2»  =  ZnI,  +  2CH,.CH,. 


CH, 


The  halogens  react  very  energetically  with  zinc-alkyls,  yielding 
alkyl  halides. 

Sodxtim-alJcyl  and  potassium-alkyl  are  formed  by  the  action  of 
sodium  and  potassium  respectively  upon  zinc-alkyl.  These  metals 
dissolve  in  the  zinc-alkyl,  an  equivalent  quantity  of  zinc  separat- 
ing out.  Sodium-alkyl  and  potassium-alkyl  have  not  been  obtained 
in  the  pure  state,  but  only  in  solution  in  zinc-alkyl. 

Very  remarkable  compounds  of  magnesium  have  recently  been 
obtained  by  Grignaed.  When  magnesium-turnings  are  brought 
into  contact  with  an  ethereal  solution  of  an  alkyl  iodide,  one 
molecule  of  the  latter  being  employed  for  each  atom  of  metal,  a 
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reaction  occurs,  the  heat  evolved  thereby  raising  the  ether  to 
the  boiling-point.  When  a  sufficient  quantity  of  ether  is  used, 
all  the  magnesium  enters  into  solution,  forming  a  compound 
CnHjn+i'Mg.I.  This  is  combined  with  one  molecule  of  ether, 
because  on  distilling  off  the  ether  the  residue  still  contains  one 
molecule  of  that  substance  for  every  molecule  of  the  metallic 
compound.  Further,  in  a  solvent  other  than  ether,  magnesium 
alkyl  halide  is  not  formed.  The  ethereal  solution  so  obtained  can 
be  used  with  great  advantage  for  the  synthesis  of  secondary  and 
tertiary  alcohols,  and  for  other  purposes  (97  and  111). 

Mercury^kyls  are  prepared  similarly  to  the  zinc  compounds. 
They  do  not  take  fire  in  the  air,  and  are  dangerously  poisonous.  Such 
compounds  as  0«H»-Hg*OH  are  strong  bases. 

In  addition  to  the  compounds  mentioned  above,  alkyl-derivativea 
of  beryllium,  magnesium,  cadmium,  aluminium,  thallium,  and  lead 
have  been  obtained. 
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HITBILES  AND  ISOmSILES.  "-         < 

83.  When  potassium  ethyl  sulphate  is  distilled  with  potassium 
cyanide  or  anhydrous  potassium  f errocyanide,  "  yellow  prussiate  of 
potash,"  K^Fe(CN),,  a  liquid  of  exceedingly  unpleasant  odour  is 
obtained.  By  means  of  fractional  distillation  it  can  be  separated 
into  two  portions,  both  of  which  have  the  formula  C^H^N.  One 
of  these,  which  is  called  ethylcarhylaminey  is  only  present  in  small 
quantities;  it  boils  at  82°,  and  has  the  same  disagreeable  smell 
as  the  original  mixture.  The  other,  which  constitutes  the  main 
portion,  is  called  ethyl  cyanide;  it  boils  at  97°,  and  after  purifica- 
tion, has  an  odour  by  no  means  disagreeable,  and  much  less 
penetrating  than  that  of  the  other  compound. 

These  isomers  behave  quite  differently  when  acted  upon  by 
inorganic  acids.  Ethylcarbylamine  is  attacked  by  them  at  ordinary 
temperatures;  its  disagi'eeable  odour  disappears,  and  the  substance 
itself,  which  at  first  floated  upon  the  acid  in  the  form  of  an  oily 
layer,  goes  wholly  into  solution.  Formic  acid,  CH,0,,  can  be 
obtained  from  this  solution  by  distillation;  and  on  addition  of 
caustic  potash  to  the  residue  in  the  distilling-flask  and  subsequent 
distillation,  ethylamine,  C^H^NH,,  passes  over,  showing  that  the 
nitrogen  in  ethylcarbylamine,  CjH^N,  is  directly  linked  to  the 
ethyl-group : 

C,H.N  +  2H,0  =  CH,0,  +  C,H  NH.. 

Ethylcarbylamine  Formic  acid       EUiyuuniDe 

Ethyl  cyanide  is  only  slowly  iittacked  by  inorganic  acids  at 
ordinary  temperatures,  but  more  quickly  on  heating.  The  reaction 
is  carried  out  in  a  flask  with  a  reflux-condenser,  and  if  after  its 
completion  the  liquid  is  distilled, /^roptonic  acidy  C,H^O,,  passes 
over.  This  acid  contains  the  same  number  of  carbon  atoms  as  the 
original  compound  C,H^N.  On  making  the  residue  in  the  flask 
alkaline,  and  distilling  again,  a  volatile  base,  ammonia^  is  found  in 
the  distillate.  The  nitrogen  in  ethyl  cyanide  cannot,  therefore,  be 
directly  linked  to  the  ethyl-radicle: 


C,H,N  +  2H,0  =  aH.O.  +  NH,. 

Ettiyi  cyanide  Propionic  acid 
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It  must  be  concluded  from  these  facts  that  the  nitrogen  of  the 
compound  with  the  lower  boiling-point  is  directly  linked  to  the 
ethyl-groups,  and  the  three  carbon  atoms  are  not  directly  linked 
to  each  other,  in  view  of  the  ease  with  which  one  of  the  carbon 
atoms  can  be  split  off  as  formic  acid;  on  the  other  hand,  there 
must  be  a  chain  of  three  carbon  atoms  present  in  the  compound 
of  the  higher  boiling-point,  since  such  a  chain  is  found  in  pro- 
pionic acid  (87),  and  the  nitrogen  is  not  directly  linked  to  the 
ethyl-group.  These  properties  are  expressed  by  the  following  con- 
sfcitutional  formnlse:  u  r 

I.  c,H— NC.         IL  c,H,— CN.  ^     ^     C;;^ 

Carbylamine  Cyanide 

On  account  of  their  taiethod  of  formation,  each  must  contain  the 
group  CN. 

Compounds  having  a  struofcural  formula  like  I  are  called  carhyl- 
amines  or  isonitriles;  those  having  a  structural  formula  like  II  are 
called  cyanides  or  nitriles.  The  former  are  called  after  the  alkyl- 
radicle  which  they  contain,  thus:  metkykarbylaminey  ethylcar- 
bylatnine,  etc.  The  latter  are  called  in  an  analogous  manner 
methyl  cyanide^  ethyl  cyanide,  etc.,  although  the  word  nitrile  is 
more  frequently  used,  when  they  are  named  after  the  acid  from 
which  they  may  be  regarded  as  derived.  Thus,  CH,.CX  is  aceto- 
nitrile,  and  G^^^-G^ propionitrilej  etc. 

The  constitution  of  the  groups  — CX  and  — NC  requires  further 

III  V 

consideration.  They  are  represented  as  — C  ~  N  and  — X  =  C, 
there  being  in  one  case  a  triple  bond,  and  in  the  other  a  quadruple 
bond,  between  C  and  X.  The  reason  for  adopting  these  formul» 
in  preference  to  such  a  one,  for  example,  as  — C — X=,  in  which 

II 
free  Unkings  are  present,  will  appear  later  (128). 

The  ezistenoe  of  a  divalent  carbon  atom  in  the  carbylamines,  that 

HI         II 

is  to  say,  a  group  — N  =  C,  is  assumed  by  Ne?  and  some  other 
chemists. 

Carbylamines. 

84.  These  compounds  are  the  principal  product  of  the  reaction 
of  alkyl  iodides  with  silver  cyanide.     They  can  also  be  formed  by 
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the  action  of  caustic  potash  and  chloroform,  CHCa,,  upon  primary 
amines,  when  they  are  obtained  free  from  nitriles: 

C,H,N|H"J  -f  C|HCï;|  +  3K0H  =  3KC1  +  3H,0  +  C,H, .  NC. 

On  account  of  the  extraordinary  and  characteristic  odour  of 
the  carbylamines,  this  reaction  affords  an  exceedingly  delicate  test 
for  primary  amines,  since  secondary  and  tertiary  amines  could  not 
yield  carbylamines  by  the  reaction  represented  in  the  above  equa- 
tion, for  this  requires  two  hydrogen  atoms  to  be  directly  linked  to 
the  nitrogen  of  the  amine. 

The  carbylamines  are  colourless  liquids,  very  stable  towards 
alkalis,  but  readily  converted  by  acids  into  a  primary  amine 
and  formic  acid.  They  yield  unstable  addition-products,  such  as 
2CH,NC-3HC1,  by  the  action  of  dry  HCl  in  ethereal  solution,  and 
may  therefore  be  looked  upon  as  possessing  weak  basic  prope^ies. 

''  r   .    '  Kitriles.      .    ' 

85.  These  constitute  the  chief  product  obtained  when  potassium 
cyanide  reacts  with  alkyl  iodides,  or  when  it  is  submitted  to  dry 
distillation  along  with  an  alkyl  potassium  sulphate.  It  is  sometimes 
an  advantage  to  use  anhydrous  potassium  ferrocyanide,  K^Fe(CN),, 
instead  of  potassium  cyanide. 

In  addition  to  being  obtainable  by  methods  to  be  described  in  110,  8, 
nitriles  may  be  prepared  by  the  action  of  an  alkaline  bromine  solution 
(German,  Brondautge)  on  primary  amines,  in  accordance  with  the 
following  equations: 

CtHi.CH.NH,  +  2Br,  +  2NaOH=C,Hi.CH,NBr,  +  2NaBr  +  2H,0. 
CTH,.C|H;|N|Br;|  +  2NaOH  =  CtH,.ON  +  2NaBr  +  2H,0. 

This  reaction  is  only  applicable  with  advantage  to  the  higher  primary 
amines. 

The  nitriles  are  liquids  of  characteristic  odour,  and  have  specific 
gravities  about  0-8.  They  are  soluble  in  water.  They  are  con- 
verted not  only  by  acids,  but  also  by  warming  with  alkalis,  into 
ammonia,  and  fatty  acids  containing  the  same  number  of  carbon 
atoms.     This  process  is  called  saponification  of  nitriles.     They 
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have  the  power  of  fonning  addition-products  with  many  substances, 
the  triple  bond  between  nitrogen  and  carbon  being  thereby  broken 
and  converted  into  a  single  bond.  An  example  of  this  class  of 
reactions  is  the  addition  of  hydrogen: 

C,S,.CN  +  4H  =  C,H,.CH,.NH,. 

This  results  in  the  formation  of  a  primarj/jfjoiiim  with  thejma^ 
number  of  carbon  atoms.  The  reaction  gives  a  particularly  good 
yield  for  the  higher  members,  when  sodium  is  brought  into  con- 
tact with  a  mixture  of  the  nitrile  and  absolute  alcohol  heated 
to  boiling. 

A  description  of  a  number  of  other  addition-products  of  the 
nitriles  will  be  found  in  106. 


ACIDS,  C„H,«0,. 

86.  It  was  stated  in  82  that  a  solution  of  sodinm-alkyl  in  zinc- 
alkyl  is  obtained  when  sodium  reacts  with  the  latter.  When  a 
stream  of  dry  carbon  dioxide  is  passed  into  this  solution,  there  is 
formed  the  sodium  salt  of  an  acid  which  contains  one  carbon  atom 
in  the  molecule  more  than  the  alkyl-group.  Thus,  sodium-methyl, 
CHjNa,  yields  sodium  acetate,  C^HjO^Na,  This  reaction  may  be 
explained  by  assuming  that  the  sodium  atom  is  released  from  the 
alkyl-group,  and  reacts  with  COj,,  becoming  linked  to  one  of  its 
oxygen  atoms,  for  which  it  possesses  great  affinity.     In  this  way 

C  ^  Q  is  converted  into  — ^^q^j      Since  this  group,  and  also  the 

alkyl-radicl  e  from  which  the  sodium  atom  has  been  separated,  have 
one  free  carbon  bond  apiece,  it  may  be  assumed  that  the  two 
groups  unite,  forming  a  compound 

In  accordance  with  this  reaction  the  acids  CqHjqO,  contain  the 

group  — C^  Q^rJinked  to  an  alkyl-radicle.    This  yiew  is  supported 

.by  the  formation  of  these  compounds  by  other  methods. 

Among  such  reactions  may  be  mentioned,  first,  the  synthesis 
of  the  acids  from  the  interaction  of  an  alkyl  iodide  and  potassium 
cyanide,  and  saponification  of  the  resulting  nitrile.  This  saponifi- 
cation consists  in  the  adding  on  of  water,  and  entails  breaking  the 
bonds  between  carbon  and  nitrogen  in  the  group  — C  ^  N.  If  the 
bond  in  a  nitrile  CH,-CH,-CH,.  .  .  .CN  were  broken  at  any 
other  point,  it  would  inyolve  a  breaking  of  the  carbon  chain, 
and  prevent  the  formation  of  an  acid  containing  the  same  number 
of  carbon' atoms  as  the  nitrile.  The  saponification  of  the  nitrile. 
in  which  an  acid  and  ammonia  are  formed,  may  therefore  be  le- 
garded  as  taking  place  in  the  following  manner.  The  molecules 
of  water  split  up  into  H  and  OH,  the  hydroxyl  unitingjnth  the 
carbon,  and  the  hydrogen  with  the  nitrogen.  If  this  happens 
three  times,  the  nitrogen  is  converted  into  ammonia,  the  three 
bonds  between  carbon  and  nitrogen,  in  the  nitrile,  being  broken: 

lOl 
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/OH     Hv 
CH,.CeOH     H-^N. 
\0H    H/ 

The  formula  of  the  acid  formed  is  not  CH,'CO,H,,  but 
CHj'COjH,  containing  one  molecule  of  water  less.  When  one 
molecule   of  water  is  split  off  from  CH, -00,11,,  there   results 

^S  0 

CH,.C|OH~^CH,.C<Qjj,  a  substance  containing  the  carhoxyl- 

OH 
group. 

In  this  explanation  of  the  formation  of  acids,  the  existence  of 
an  intermediate  compound  containing  three  hydroxjl-groups  is 
assumed.  Such  substances  are  not  known,  but  the  assumption 
seems  by  no  means  improbable^  because  compounds  exist  con- 

/OC.H. 
taining    three    alkoxyl-groups;    for    example,    CH,.C^OC,H,. 

\OC,II. 
Substances  of  this  kind  are  called  ortho-esters  (155). 

The  acids  CnH,nO,  can  also  be  formed  by  the  action  of  carbon 
monoxide  on  inetallic  alkoxides  under  the  influence  of  heat: 

CH,.ONa+  CO  =  CH,.COONa. 

The  formation  of  an  addition-product  between  CH,«ONa  and  CO 
can  be  explained  by  the  assumption  that  the  alcoholate  first 
decomposes  into  CH,  and  ONa. 

It  was  mentioned  in  49  and  50  that  primary  alcohols  are  con- 
verted by  oxidation  into  acids  with  the  general  formula  C„H,nO, , 
containing  the  same  number  of  C-atoms  in  the  molecule.  In 
this  reaction  the  group  — CH,OH  is  oxidized  to  — COOH. 

The  higher  primary  alcohols  can  also  be  converted  into  the  corre. 
spending  acids  by  heating  them  with  soda-lime,  free  hydrogen  being 
formed  as  a  by-product : 

C„H.,.CH,OH  +  NaOH  ==  C„H...COONa  +  2H,. 

Scearyl  alcohol  Sodium  Btearate 

A  proof  of  the  presence  of  hydroxyl  in  the  carboxyl-group  is 
afforded  by  the  action  of  the  chlorides  of  phosphonis,  which  effect 
the  replacement  of  the  OH-group  by  CI  in  the  same  way  as  with 
the  alcohols. 

*frhe  acids  of  this  series  contain  one  hydrogen  atom  replaceable 
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by  metals.  Since  the  hydrogen  atom  in  the  carboxyl-group 
occupies  a  special  position,  being  the  only  one  directly  linked  to 
oxygen,  it  is  natural  to  suppose  that  it  is  this  hydrogen  atom 
which  is  replaceable.  This  is  easily  proved  by  treating  silver 
acetate,  C,H,0,Ag,  with  ethyl  iodide.  ■  Ethyl  acetate  is  formed, 
and  not  butyric  acid,  as  would  be  the  case  if  the  Ag-atom  were 
present  in  the  methyl-group;  thus,  CH,Ag-COOH. 

87.  The  lower  members  of  this  series  of  acids  are  liquid  at 
ordinary  temperatures.  They  can  be  distilled*  without  decomposi- 
tion, and,  when  pure,  have  a  very  irritating  and  strongly  acid 
odonr.  They  are  miscible  in  all  proportions  with  water.  The 
middle  members  (C^ — CJ  have  a  disagreeable  rancid  smell.  They 
are  of  an  oily  nature,  and  do  not  mix  with  water  in  all  proportions. 
The  higher  members,  beginning  at  Cj^,  are  solid  at  ordinary  tem- 
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Fig.  29.— Mbi/fing-point  Curve  of  the  Fatty  Acids. 

peratures,  are  without  odour,  and  resemble  paraffin  in  character. 
They  are  almost  Insoluble  in  water,  and  cannot  be  distilled  at  the 
atmospheric  pressure  without  decomposition.  All  the  acids  of  this 
series  dissolve  readily  in  alcohol  and  ether.  With  the  exception  of 
the  first  member,  they  are  very  stable  towards  oxidizing-agents. 

The  acids  of  the  series  CnH,„0,  are  called  the  fatty  acids,  on 
account  of  the  fact  that  the  higher  members  were  first  obtained 
from  fats. 

Many  of  the  fatty  acids  occur  in  nature,  either  in  the  free  state, 
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or  as  esters.  They  are  of  great  theoretical  and  technical  impor- 
tance. The  following  table  contains  the  names,  formnlsd,  and 
certain  physical  constants  of  the  normal-chain  acids  belonging  to 
the  series  CnH,nO,: 


Name. 

Formula. 

Melting-point. 

Boiling-point. 

Specific  Gravity. 

Formic  Acid 

Acetic  Acid 

C,H.O, 
C,H.O, 

C.H„0, 
C,HmO, 

C,H,aO, 
CioH««Oa 
CieHtiOa 
CifHsiOi 

88" 
16.598" 
-22" 

-  7.9" 

-  58.5" 

-  1.5" 

-  10.5" 
16.5" 
12.5" 
31.4" 
62.618" 
60" 
69.82" 

101" 

118" 

141" 

162" 

186" 

205" 

228" 

237. 5" 

254" 

269" 

1.2810(10") 
1.0515(15") 

.^^Propionic  Acid 

Butyric  Acid 

0.9985(14") 
0.9599(19.1") 
0-9560(0") 
0.9450(0") 

Valeric  Acid 

Caprolc  Acid 

Heptylic  Acid 

Caprylic  Acid 

NonylicAcid 

Capric  Acid 

0.9186(17.2") 
0.9100(20") 
0.9110  (MP) 
0.9300(87") 

Palmitic  Acid 

Margaric  Acid 

Stearic  Acid 

Although  the  boiling-point  rises  regularly  for  every  increase  in 
the  number  of  C-atoms  in  the  molecule,  the  melting-points  of  the 
acids  containing  an  even  number  of  C-atoms  are  higher  than  those 
of  the  acids  immediately  preceding  and  succeeding  them^  with  an 
odd  number  of  C-atoms.  This  is  distinctly  seen  from  the  curve 
shown  in  Fig.  29.  This  phenomenon  has  also  been  observed  in 
some  other  homologous  series. 

It  is  often  necessary  to  consider  the  group  which  remains  when 
the  hydroxyl-group  is  supposed  to  be  removed  from  a  fatty  acid. 
This  group  is  not  known  in  the  free  state.  It  is  named  after  the 
corresponding  acid  by  changing  the  termination  *Mc''  into  **yl"; 
thus, 

H-COFormyl, 
CH,  .CO  Acetyl, 
C,H,.COPropionyl, 
C,H,.COButyryl, 
C,H,.COValeryl, 
etc. 


rormio  Add,  HCOOH. 

88.  This  compound  derives  its  name  from  the  fact  that  it 
occurs  in  the  bodies  of  ants  (Latin,  formica)»     It  can  be  obtained 
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by  passing  carbon  monoxide  over  soda-lime  at  210°,  the  yield  being 
good  (86).  It  is,  however,  usually  prepared  by  another  method 
(158).  It  may  also  be  obtained  by  the  oxidation  of  methyl  alcohol. 
A  peculiar  method  for  its  formation  is  to  submit  carbon  monoxide 
and  steam^  or  carbon  dioxide  and  hydrogen^  to  a  silent  electric 
discharge. 

Pure  formic  acid  is  a  colourless  liquid  with  an  irritating  odour. 
Its  salts  are  culled  f  ormatesy  and  are  soluble  in  water,  some  of  them 
only  with  difficulty. 

Formic  acid  is  distinguished  from  its  homologues:  first,  by 
the  ease  with  which  it  undergoes  oxidation,  it  being  therefore  a 
good  reducing  agent;  second,  in  being  easily  decomposed  into  CO 
and  H,0.  When  mercuric  oxide  is  added  to  a  solution  of  formic 
acid,  a  solution  of  mercuric  formate  is  obtained.  If  this  be  filtered 
and  warmed,  mercurous  formate  is  precipitated  with  evolution  of 
CO, ,  and  on  further  warming,  metallic  mercury  is  obtained : 

Mercuric  fomute  formate 


HglOOCH  +  H|COO|Hg  =  2Hg  +  CO,  +  HCOOR  .   ' 

Mercuroua  formate 

In  this  process  half  the  formic  acid  in  the  salt  is  set  free,  and  half 
is  oxidized.  An  exactly  analogous  reaction  takes  place  when  a 
solution  of  silver  formate  is  warmed;  metallic  silver  is  precipitated, 
carbon  dioxide  evolved,  and  half  of  the  acid  set  free. 

When  formic  acid  is  warmed  with  concentrated  sulphuric  acid, 
water  and  carbon  monoxide  are  formed: 

|H|CO|Ög[=H,0  +  CO. 

The  same  effect  is  produced  by  the  introduction  of  finely  powdered 
metallic  rhodium  into  an  aqueous  solution  of  the  acid,  when  the 
decomposition  takes  place  even  at  ordinary  temperatures.  The 
rhodium  acts  as  an  accelerating,  catalytic  agent.  Since  reactions 
which  of  themselves  would  not  take  place  cannot  be  brought 
about  by  catalysis  ("Inorganic  Chemistry,"  26),  it  follows  that 
formic  acid  decomposes  of  itself  in  the  above  sense,  although  so 
slowly  as  to  seem  perfectly  stable.  This  applies  to  a  large  number 
of  organic  compounds  {Ibid.,  104). 
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It  will  have  been  noticed  that  the  general  properties  of  formic 
acid  differ  iu  some  respects  from  those  of  the  other  acids  of  the 
homologous  series  in  which  it  is  the  lowest  member.  As  will  be 
seen  later,  this  phenomenon  is  of  frequent  occurrence. 


Aoetio  Aoid,  On,.OOOH. 

89.  This  substance  has  been  known  longer  than  any  other 
acid.     It  is  manufactured  by  two  different  methods. 

a.  By  allowing  dilute  alcohol,  wine^  beer,  etc.,  to  become 
oxidized  by  exposure  to  the  air,  with  production  of  vinegar.  The 
oxygen  of  the  atmosphere  acts  upon  the  alcohol  with  the  aid  of 
bacteria,  and  the  process  must  be  so  regulated  that  these  bacteria 
produce  the  greatest  possible  effect.  To  this  end  it  is  important 
that  the  temperature  should  be  kept  about  35°. 

In  the  **  quick  process  *'  for  the  preparation  of  vinegar  (Fig. 
30),  dilute   alcohol  (G-lOj^)  is  allowed  to  drop  on   beech-wood 

shavings  contained  in  a  vat  with  a 
perforated  false  bottom,  a.  Holes 
are  bored  in  the  sides  of  the  vat  near 
the  bottom,  serving  to  admit  an 
ascending  stream  of  air,  opposite  in 
direction  to  that  of  the  alcohol.  The 
shavings  of  beech-wood  have  the 
effect  of  distributing  the  liquid  over 
a  very  large  surface,  and  so  facilitat- 
ing the  oxidizing  action  of  the  air, 
while  at  the  same  time  they  serve  ^ 
a  feeding-ground  for  the  baoteria. 

i.  It  has  been  mentioned  (46) 
that  acetic  acid  is  obtained  in  the 
distillation  of  wood.  By  treatment 
with  quicklime,  the  acid  is  converted 
into  calcium  acetate,  which  is  freed 
from  tarry  impurities  by  heating  it  to  200°  in  the  air.  The  acetic 
acid  is  then  set  free  by  distilling  with  an  equivalent  quantity  of 
concentrated  hydrochloric  acid.  It  can  be  purified  by  distillation 
over  potassium  bichromate,  being  very  stable  towards  oxidizing- 
agents. 


Fig.  80.— Preparation  of 
Vinegar  bt  the  "Quick 
Process." 
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Anhydrous  acetic  acid  is  solid  at  temperatures  below  16-6°,  when 
it  has  much  the  appearance  of  ice ;  hence  the  name  glacial  acetic  acid. 
It  has  a  very  penetrating  odour,  and  is  obtained  by  allowing  a  very 
concentrated  solution  of  acetic  acid  to  solidify,  pouring  off  the  liquid 
residue,  melting  tlie  solidified  acid,  again  allowing  it  to  crystal- 
lize, etc.,  these  operations  being  repeated  until  the  melting-point 
is  constant.  A  rise  of  temperature  and  contraction  of  volume  occur 
when  glacial  acetic  acid  is  mixed  with  water,  the  maximum  rise 
and  contraction  being  obtained  by  mixing  in  the  proportion  of  one 
gramme-molecule  of  acetic  acid  to  one  gramme-molecule  of  water. 
This  fact  is  evidence  of  the  existence  of  a  compound  called  ortho- 
acetic  acid  (86),  with  the  formula  CH,  •  COOH .  H,0  =  CH,  •  C(OH),. 

A  55  per  cent,  solution  of  glacial  acetic  acid  in  water  has  the 
same  specific  gravity  as  the  pure,  anhydrous  acid.  When  water 
'is  added  to  glacial  acetic  acid,  the  specific  gravity  of  the  mixture 
first  rises;  further  addition  of  water  causes  it  to  fall.  This  cir- 
cumstance makes  it  impossible  to  determine  the  amount  of  acid 
present  in  such  mixtures  by  the  simple  use  of  the  hydrometer. 

The  strength  of  very  concentrated  acetic  acid  is  best  determined 

by  an  observation  of  its  melting-point,  a  thermometer  graduated 

in  tenths  of  a  degree  being  used.    In  accoroance  with  the  formula 

given  in  14, 

Aif  =  Constant ; 

the  presence  of  \%  of  water  (molecular  weight  18)  would,  sinoe  the 

constant  for  glacial  acetic  acid  is  89,  cause  a  lowering  of  the  freezing- 

39 
point  {A)  of  --,  or  2*16''.    Since  a  thermometer  graduated  in  tenths 

can  easily  be  read  to  within  one-twentieth  of  a  degree,  the  amount  of 

water  can  be  determined  to  within  jr-r^ —^^  or  0-025](.     This  is  a 

2-16  X  20' 

degree  of  accuracy  unattainable  by  titration. 

When  either  no  very  great  accuracy  is  required,  or  the  acetic  acid 

is  dilute,  it  is  best  to  determine  the  strength  by  titrating  a  weighed 

quantity  of  the  solution  with  a  standard  solution  of  alkali. 

The  vapour  density  of  acetic  acid  at  temperatures  slightly 
above  its  boiling-point  is  twice  as  great  as  that  corresponding  to 
the  formula  C,H^O,.  At  about  200°,  however,  the  vapour  density 
is  normal.  A  similar  phenomenon  has  been  observed  in  the  case 
of  many  other  fatty  acids. 

The  acetatess  or  salts  of  acetic  acid,  are  generally  soluble  in 
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water,   the   silver  salt   dissolving  with   difficulty.     When    ferric 

chloride  is  added  to  the  solution  of  an  acetate,  such  as  sodium 

acetate,  a  blood-red  colour  is  produced,  owing  to  the  formation  of 

ferric  acetate  (the  salts  of  formic  and  propionic  acids  produce  the 

same  result).     When  this  solution  is  sufficiently  dilute,  a  brown- 

P  H  O 
red  precipitate  of  basic  ferric  acetate,  Fe  /qJ\'>  is  produced  on 

boiling,  acetic  acid  being  liberated  at  the  same  time. 

A  very  delicate  test  for  acetic  acid  is  the  formation  of  cacodyl 
oxide  (80).  Owing  to  the  extremely  poisonous  nature  of  this 
substance,  great  care  must  be  exercised  in  applying  this  test. 
Among  the  acetates  of  technical  importance  are  lead  acetate 
C sugar  of  lead"),  basic  lead  acetate,  and  aluminium  acetate.  The 
first  two  are  used  in  the  manufacture  of  white  lead,  and  the  third 
as  a  mordant  in  calico-printing  (321). 

Butyric  Acid»,  C,H,0,. 

90.  Two  isomeric  acids  with  the  formula  C^HgO,  are  known. 

They  are  normal  butyric  acid,  CHj-CHj-CHj-COOH,  and  isobuty- 

CH 
ric  acid,  qtt*>CH«COOH.     The  constitution  of  these  acids  is 

proved  by  their  synthesis,  the  normal  compound  being  obtained 
from  n-propyl  iodide,  and  the  iso-acid  from  isopropyl  iodide: 

OH,.OH,.CHJ-*CH,.CH,.CH,.CN-^CH,.CH,.CH,.COOH. 

The  normal  compound  is  also  called  fermentation  butyric  add, 
from  the  fact  that  it  can  be  obtained  by  the  fermentation  under 
certain  conditions  of  such  substances  as  sugar.  It  has  an  extremely 
disagreeable  odour,  and  can  only  be  oxidized  with  difficulty. 

Butter  contains  about  4-5^  of  7i-butyric  acid,  along  wHh  smaller 
quantities  of  other  volatile  acids  of  the  fatty  series,  such  as  caproTc 
acid.  These  are  probably  present  in  the  form  of  esters.  Since  **  vola- 
tile fatty  acids"  are  not  obtained  by  saponification  of  other  fats, 
whether  animal  or  vegetable,  their  presence  furnishes  the  most  char- 
acteristic distinction  between  butter  and  margarine,  which  is  a  roixturt^ 
of  animal  and  vegetable  fats.    Since  the  percentage  of  volatile  fnity 


HIGHER  FATTY  ACIDS.  109 

acids  in  butter  is  uot  a  constant  quantity,  but  may  vary  between  wide 
limits,  it  is  impossible  in  certain  cases  to  identify  a  mixture  of  butter 
and  margarine  by  a  determination  of  the  amount  of  these  acids  present. 
By  the  application  of  other  tests,  it  is  sometimes  possible  to  obtain 
reliable  results  in  doubtful  cases. 

Isohutyric  acid  also  has  a  very  disagreeable  smell.  It  is  a  com- 
pound containing  a  tertiary  hydrogen  atom,  and  experience  has 
shown  that  snch  compounds  are  very  easily  oxidized,  so  that 
oxidation  affords  a  method  of  distinguishing  between  the  normal 
acid  and  the  iso-acid. 

The  calcium  salts  of  'these  acids  also  exhibit  a  remarkable 
difference  in  properties,  that  of  the  normal  acid  being  less  soluble 
in  hot  water  than  in  cold,  while  that  of  the  iso-acid  follows  the 
ordinary  rule,  and  is  more  soluble  in  hot  than  in  cold  water.  A 
solution  of  normal  calcium  butyrate  saturated  at  0°  deposits  con- 
siderable quantities  of  the  salt  when  heated  to  about  80°. 

In  accordance  with  the  principle  of  mobile  equilibrium  (**  In- 
organic Chemistry/'  235),  normal  calcium  butyrate  should  dissolve 
in  water  with  Blight  evolution  of  heat,  and  the  calcium  salt  of 
isobutyric  acid  with  slight  absorption  of  heat.  This  view  is  fully 
supported  by  the  results  of  experiment. 

Higher  Fatty  Aeid%  GbH^O,. 

91.  Many  of  these  occur  in  nature,  chief  among  them  being 
palmitic  acid,  Cj^H„0,,  and  stearic  acid,  C^gHj^O,,  both  of  which 
contain  normal  carbon  chains,  as  will  be  shown  later  (144).  They 
are  found  in  very  large  quantities  as  esters  of  glycerol  (159), 
being  the  principal  constituent  of  most  animal  and  vegetable  fats. 
They  are  obtained  from  these  by  saponification,  a  process  carried 
out  by  heating  either  with  slaked  lime  (101),  or  with  concentrated 
sulphuric  acid.  Sulphuric  acid  causes  slight  carbonization,  with 
the  result  that  the  fatty  acids  have  a  dark  colour  imparted  to  them. 
They  can  be  purified  by  distillation  with  superheated  steam.  By 
saponification  of  fats  in  this  way,  a  mixture  of  fatty  acids  is 
obtained,  which  is  semi-solid  at  ordinary  temperatures.  It  con- 
tains the  two  acids  mentioned  above,  which,  when  pure,  melt  at 
62**  and  69"  respectively;  when  mixed,  each  lowers  the  melting- 
point  of  the  other  (14).     Moreover,  the  liquid  oleic  acid,  which 
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belongs  to  another  homologous  series,  is  also  present;  it  can  be 
pressed  out  of  the  mixture,  leaving  a  white,  solid  substance  used 
in  the  manufacture  of  "  stearine  "  candles.  For  this  purpose  it  is 
melted,  and  a  little  paraffin  wax  added  to  prevent  the  crystalliza- 
tion of  the  fatty  acids,  which  would  make  the  candles  very  brittle; 
the  molten  mass  is  then  poured  into  moulds,  in  the  middle  of 
which  wicks  are  fastened. 

Soaps  are  the  alkali-salts  of  the  fatty  acids.  They  are  prepared 
by  saponifying  the  fats  with  solutions  of  caustic  soda  or  caustic 
potash  heated  to  the  boiling  temperature.  The  potassium-soap 
is  called  '^soft  soap,^'  and  usually  has  a  yellow  colour.  In  some 
countries  the  colour  is  changed  to  green  by  the  addition  of  a  little 
indigo,  the  soap  being  then  known  as  "green  soap.*'  Potassium- 
soap  contains  not  only  the  potassium  salt  of  the  fatty  acid,  but  also 
the  glycerol  produced  in  the  reaction,  and  a  considerable  propor- 
tion of  water.  Sodium-soap  is  hard;  it  is  separated  from  the 
reaction-mixture,  after  saponification  is  complete,  by  **  salting-out,*' 
which  consists  in  the  addition  of  common  salt  in  the  solid  state  to 
the  mixture  at  the  boiling  temperature.  Since  the  sodium  salt  of 
the  fatty  acid  is  insoluble  in  a  concentrated  solution  of  sodium 
chloride,  it  separates  out  in  the  molten  state,  forming  a  layer  on 
the  surface  of  the  brine.  The  glycerol  remains  dissolved  in  the 
latter;  the  soap  obtained  in  this  way  consists  of  the  sodium  salt 
of  the  fatty  acid,  together  with  a  small  percentage  of  water. 

92.  The  cleansing  action  of  soap  may  be  explained  in  the  fol- 
lowing way.  As  early  as  the  beginning  of  the  nineteenth  century 
it  was  pointed  out. by  Chevreul  that  when  an  alkali-salt  of  one  of 
the  higher  fatty  acids  is  brought  into  contact  with  a  large  excess 
of  water,  it  decomposes  with  formation  of  free  alkali.  The  acid 
thus  liberated  unites  with  a  second  molecule  of  the  salt,  forming 
an  insoluble  substance,  which  with  the  water  produces  the  lather. 
The  presence  of  free  alkali  in  dilute  soap-solutions  can  be  readily 
shown  as  follows.  A  concentrated  soap-solution  is  only  very 
slightly  coloured  by  phenolphthalein;  but  the  addition  of  a  large 
quantity  of  water  causes  the  development  of  the  red  colour,  due 
to  the  action  of  the  base  thus  liberated  on  the  phenolphthaleïn. 
The  soap  has  therefore  undergone  hydrolytic  dissociation  (**  In- 
organic Chemistry,"  239),  owing  to  the  weak  acid  properties  of 
the  higher  fatty  acids. 
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The  soiling  of  the  skin,  clothing,  etc.,  is  usually  due  to  sub- 
stances of  a  fatty  nature.  When  a  fat  is  brought  into  contact 
with  an  alkaline  liquid,  and  the  mixture  shaken,  a  part  is 
saponified,  and  dissolves.  The  greater  portion,  however,  remains 
suspended  in  the  liquid  in  the  form  of  minute  drops,  which  give 
it  a  milky  appearance.  The  product  is  called  an  emulsion.  The 
alkali  liberated  from  the  soap  has  therefore  both  a  saponifying  and 
an  emalsifying  action  on  the  substance  to  which  the  soiling  is  due. 

If  the  correctness  of  this  explanation  is  admitted,  the  question 
arises  as  to  why  free  alkali  should  not  be  used  instead  of  soap  for 
washing-purposes.  It  is  because  the  use  of  soap  prevents  the  pres- 
ence of  an  excessive  proportion  of  free  alkali.  The  proportion  of 
alkaU  liberated  from  soap  is  small  with  a  small  quantity  of  water,  and 
large  with  a  large  quantity.  But  the  addition  of  a  large  quantity 
of  water  does  not  very  much  affect  the  concentration — ^the  amount 
of  free  alkali  in  unit  volume  of  liquid — since,  although  it  produces 
much  free  alkali,  it  simultaneously  dilutes  it.  The  use  of  soap 
has  therefore  the  effect  of  automatically  regulating  the  amount  of 
free  alkali  present  in  the  water,  and  keeping  the  solution  very 
dilute.  This  would  not  be  the  case  if  free  alkali  were  employed 
instead  of  soap,  and  the  latter  possesses  the  further  advantage  of 
forming  a  lather,  which  takes  up  the  dirt  and  facilitates  its 
removal. 

\When  water  contains  a  certain  percentage  of  calcium  salts,  it 
is  said  to  be  hard  ("Inorganic  Chemistry, '^  269).  Such  water 
does  not  lather  with  soap,  but  causes  the  formation  of  a  white, 
flocculent  substance,  consisting  of  insoluble  calcium  salts  of  the 
fatty  acids.  Hard  water  is  therefore  unsuitable  for  washing 
because  it  prevents  the  formation  of  a  lather,  and  also  because 
the  alkali  combines  with  the  acid  of  the  calcium  salts  (sulphate 
and  carbonate)  present. 

Electrolytic  Dissociation. 

93,  It  is  fully  explained  in  '*  Inorganic  Chemistry,"  65  and  66, 
why  molecules  of  acids,  bases,  and  salts  are  assumed  to  split  up  in 
aqueous  solution  into  particles  called  ions,  charged  with  opposite 
kinds  of  electricity.  In  such  a  solution,  an  acid  is  either  wholly 
or  partly  split  up   into  positively  charged  hydrogen  ions,  H 
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(cations),  and  negatively  charged  anions:  for  acetic  acid,  H'  (posi- 
tive), and  (CjHjO,)'  (negative).  Bases  yield  a  positively  charged 
metallic  ion,  and  a  negatively  charged  OH' -ion;  salts  a  posi- 
tively charged  metallic  ion,  and  a  negatively  charged  acid-radicle 
ion. 

It  is  farther  stated  {Ibid.,  66)  that  in  the  solution  of  a  partly 
ionized  substance  an  equilibrium  exists  which  can  be  expressed  in 
the  case  of  a  monobasic  acid  by 

ZH  ;:^  Z'  -f  H  , 

where  Z'  represents  the  acid  radicle.  If  v  is  the  volume  in  litres 
containing  one  gramme-molecule  of  the  acid,  and  a  is  the  portion 

ionized,  then  the  concentration  of  the  ions  is  -,  and  that  of  the 

1   —  /y 

un-ionized  portion  is .     The  equation  representing  the  state 

of  equilibrium  in  the  case  of  the  above  example  of  a  monobasic 
acid  is  therefore  {Ibid.,  49) 

V  \v  I  t;(l  —  a) 

In  this  equation  h  is  constant,  and  is  called  the  ionization  constant. 

It  has  been  shown  that  this  equation  affords  an  exact  measure  of 

the  amount  of  ionization  in  the  case  of  the  very  weak  organic 

acids;  that  is,  expresses  accurately  the  connection  between  the 

dilution  v  and  the  ionization  a.     For  this  reason  it  is  called  the 

law  of  dilution.     It  was  discovered  by  Ostwald,  who  dissolved 

one  gramme-molecule  of  an  acid  in  different  quantities  of  water,  v, 

and  ascertained  the  ionizations  or  by  a  determination  of  the  electric 

conductivity.     On  substituting  the  values  obtained  for  a  and  r 

a' 
respectively  in  the  expression  — ,  the  latter  was  always  found 

to  have  the  same  value,  as  it  must  if  k  is  constant. 

As  the  constant  is  a  very  small  number,  it  is  usual  to  multiply 
it  by  100,  and  to  denote  this  quantity  by  Ky  so  that  K  =  100^\ 

The  accuracy  of  this  law  will  be  seen  from  the  examples  in  the 
following  table: 
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Acetic  Acid. 

Propionic  Add. 

n-Butyric  Acid. 

V 

lOOa 

lOOfc 

V 

200a 

lOOfc 

V 

lOOa 

lOQfe 

8 

1198 

0-00180 

8 

1.016 

0.00180 

8 

1.068 

0.00144 

16 

1.678 

0.00179 

16 

1.452 

0.00184 

16 

1.536 

0.00150 

33 

2.880 

0.00182 

82 

2.050 

0.00184 

82 

2.165 

0-00149 

64 

888 

0.00179 

64 

2.895 

0.00185 

64 

8.058 

0.00150 

m 

4.68 

0.00179 

128 

4.04 

0.00188 

128 

4.292 

0.00150 

\m 

12.66 

0.00177 

1024 

10.79 

0.00128 

1024 

11.41 

0.00144 

94,  The  property  of  acids,  nsaally  called  their  **  strength/* 
depends  upon  their  degree  of  ionization,  strong  acids  undergoing 
conBiderabley  and  weak  acids  but  slight,  ionization.  Since  the 
constant  K  rises  or  falls  in  value  simultaneously  with  a  and  is 
independent  of  the  concentration,  it  affords  a  convenient  measure 
of  the  strength  of  an  acid. 

The  following  shows  the  value  of  jff'for  certain  fatty  acids: 


Fonnic 
Acid. 

Acetic 
Acid. 

Propionic 
Acid. 

w-Butyric 
Acid. 

Valeric 
Acid. 

0-0214, 

0.0018, 

0.0013, 

0.0015, 

0.0016 

It  will  be  noticed  that  formic  acid  has  a  greater  value  for  K,  and 
is  therefore  stronger,  than  its  homologues,  a  fact  which  affords 
another  example  of  the  difference  in  properties  existing  between  it 
and  the  other  members  of  the  series. 

A  consideration  of  the  degrees  of  ionization  for  equal  concen- 
trations shows  that  these  acids  are  very  weak  compared  with  strong 
mineral  acids  like  hydrochloric  and  sulphuric.  When  v  =  16, 
then  for  hydrochloric  acid  100a  =  95 .  55,  and  for  acetic  acid  only 
1.673.  It  is  obvious  that  lOOor  is  the  amount  ionized,  expressed 
in  percentage. 

Althongh  the  law  of  dilation  is  generally  applicable  to  the  weak 
organic  acids,  it  does  not  hold  good  for  the  strong  mineral  acids.  It 
has  not  yet  been  possible  to  give  a  perfectly  satisfactory  explanation 
of  this  phenomenon. 


debiVatives  of  the  fattt  acids  obtahted  bt 
modiftdto  the  gabboxtl-oboxtp. 

96.  The  carboxyl-gronp  may  be  modified  by  the  exchange  of 
its  oxygen  atoms  or  hydroxyl-grotip  for  other  elements  or  groups. 
This  is  the  case  in  the  classes  of  compounds  described  in  this 
section. 

I.  Acid  Chlorides. 

These  are  derived  from  the  acids  by  replacement  of  the 
hydroxyl-group  by  chlorine,  so  that  they  contain  the  group 
— CO  CI.  They  are  obtained  from  the  acids  by  the  action  of  the 
chlorides  of  phosphorus,  PCI5  and  PCI,,  or  of  phosphorus  oxy- 
chloride,  FOCI,: 

3C,H,^  +  ,.C00H  +  PCI,  =  3C,H,,^^.C0C1  +  P(OH),. 

The  ease  with  which  the  acid  chlorides  are  converted  into  the 
corresponding  acids  is  a  proof  that  the  chlorine  atom  has  replaced 
the  hydroxyl-group.  In  the  case  of  the  lower  members  this  can 
be  effected  by  merely  bringing  them  into  contact  with  water.  If 
the  chlorine  atom  had  entered  the  alkyl-group,  this  would  not 
take  place,  because  an  alkyl  chloride  is  not  decomposed  by  water 
at  ordinary  temperatures. 

The  acid  chlorides  of  this  series,  at  least  the  lower  members, 
are  liquids  with  a  suffocating,  irritating  odour.  The  chloride 
corresponding  to  formic  acid  is  not  known.  Acetyl  chloride^ 
CH5COCI,  fumes  in  the  air,  and  can  be  distilled  without  decom- 
position.    It  boils  at  55°,  and  its  specific  gravity  is  1  •  13  at  0°. 

The  acid  chlorides,  especially  acetyl  chloride,  are  of  great 
service  in  determining  whether  organic  compounds  contain 
hydroxyl,  because  with  such  compounds  they  yield  acetyl-deriva- 
tives.     In  this  way  they  react  with  alcohols,  forming  esters: 


B.0|H+_C1|0C.CH,=  R0.0C.CH,  +  HC1. 

The  compound  in  which  the  presence  of  hydroxyl  is  suspected  is 
tested  by  allowing  it  to  remain  for  some  time  in  contact  with 
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acetyl  chloride,  either  at  the  ordinary  temperature  or  under  the 
influence  of  slight  heat.  To  ascertain  whether  an  acetyl-com- 
pound  has  been  formed,  the  product  is  submitted  to  analysis,  or 
is  saponified.  In  the  latter  case,  the  presence  of  acetic  acid  proves 
that  an  acetyl-derivative  was  present. 

The  acid  chlorides  also  react  with  the  mercaptans,  with  the  forma- 
tion of  acetyl-compounds. 

n.  Acid  Anhydrides. 

96.  These  are  formed  by  treating  the  alkali-salts,  of  acids  with 
acid  chlorides: 


CH, .  C0|C1  +  Na|0  •  OC  •  CH,  =  0  <  ^^  ]  ^  +  NaCl. 

Acetic 
anhydride 

Higher  anhydrides  are  best  obtained  by  heating  the  sodium  salts 
of  the  higher  acids  with  acetic  anhydride. 

The  acid  chlorides  may  be  looked  upon  as  the  mixed  anhydrides  of 
hydrochloric  acid  and  an  acid,  a  view  which  is  supported  by  their  for- 
mation from  these  two  acids  in  presence  of  phosphorus  peutoxide  as  a 
dehydrating-agent. 

Mixed  anhydrides  of  the  fatty  acids  themselves  exist,  althongh 
when  distilled  they  decompose  into  the  anhydrides  of  the  two  acids. 

The  lower  members  of  this  series  are  liquids  with  a  disagreeable, 
guffocating  odour.  They  are  immiscible  with  water,  and  partly 
on  this  account  decompose  but  slowly  when  in  contact  with  it. 
Acetic  anhydride  boils  at  137°,  and  has  a  specific  gravity  of  1'073 
at  20°.  Like  acetyl  chloride  it  is  used  in  testing  for  the  presence 
of  the  hydroxyl-group.     No  anhydride  of  formic  acid  is  known. 

m.  Esters. 
97.  These  result  from  the  interaction  of  acid  chlorides,  or 
anhydrides,  and  alcohols: 


CH,.C0C1  +  H0C,H,  =  CH,.COOC,H,  +  HCl. 

They  are  also  formed  by  direct  treatment  of  the  alcohol  with  the 
acid,  although  extremely  slowly  at  ordinary  temperatures: 

CH,.COOH  +  HOC,H,  =  CH,.C0'0C,H,  +  11,0. 

The  speed  of  the  reaction  is  much  increased  under  the  influence 
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of  heat.  Esters  are  farther  obtained  by  acting  upon  the  silver  salt 
of  an  acid  with  an  alkyl  iodide. 

The  following  is  a  characteristic  and  frequently  used  method 
for  the  preparation  of  these  compounds.  Dry  hydrochloric-acid 
gas  is  led  through  a  mixture  of  absolute  alcohol  and  the  anhydrous 
organic  acid.  After  some  time  the  reaction-mixture  is  poured  into 
water,  whereupon  the  ester  separates  out,  owing  to  its  slight  solu- 
bility. The  formation  of  esters  in  this  way  may  be  explained  on 
the  assumption  that  a  very  small  quantity  of  the  hydrochloric  acid 
unites  with  the  organic  acid,  water  being  eliminated,  and  a  minute 
quantity  of  the  acid  chloride  formed : 

CH,.COOH  -f  HCl  =  CH,.C0C1  +  H,0. 

It  is  true  that,  for  each  molecule  of  acid  chloride  formed  in 
accordance  with  this  equation,  an  equivalent  quantity  of  water  is 
produced,  sufficient  to  reconvert  the  chloride  into  the  acid  ami 
hydrochloric  acid.  There  is,  however,  such  an  infinitely  greater 
number  of  molecules  of  alcohol  than  of  water  with  which  the 
chloride  can  react,  that  the  probability  of  the  formation  of  an  ester 
is  very  much  greater  than  that  of  the  regeneration  of  the  acid. 
This  state  of  things  continues  as  long  as  the  amount  of  alcohol 
present  greatly  exceeds  that  of  the  water  formed;  it  is  made  to  do 
so  by  dissolving  the,  organic  acid  in  a  large  excess  of  alcohol,  when 
the  object  is  to  obtain  the  maximum  yield  of  ester.  The  forma- 
tion of  esters  is  called  esterification. 

The  esters  are  colourless  liquids  of  neutral  reaction,  and  do  not 
mix  with  water  in  all  proportions.  They  are  lighter  than  water, 
most  of  them  having  a  specific  gravity  between  0*8  and  0-9. 
The  majority  are  characterized  by  the  possession  of  a  very  agree- 
able odour,  resembling  that  of  fruits,  a  fact  which  finds  practical 
application  in  their  employment  in  the  manufacture  óf  fruit 
essences.  For  example,  isoamyUisovdlerate  (B.P.  196°)  has  an 
odour  of  apples,  ethyl  butyrate  (B.P.  121**)  of  pineapple,  and 
isoamylacetate  (B.P.  148°)  of  pears,  and  so  on. 

Tertiary  alcohols    can  easily  be  synthesized   from  the  esters  by 
means  of  Grignard's  alkyl-magnesium-halogen  compounds  (82) : 

/OMgBr 
B-OOC.H.+  ^'^«^'  =  RC((0C,H.  . 

Addition-product 
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The  addition-product  so  obtained  reacts  with  a  second  molecule  of 
the  magnesium  compound: 

/OMgBr  xOMgBr 

R.Cc-OCaH.  +  R"MgBr  =  RO^R"         +  C.H.OMgBr. 

\r'  \r' 

Decomposition  with  water  then  yields  the  tertiary  alcobol : 

.OMgBr  yOH 

R.C^R"         +  H.O  =  R.C^R"  +  MgBrOH. 
\R'  \r' 

R,  R',  and  R"  =  alkyl. 

98.  The  formation  of  esters  has  been  carefully  investigated  by 
sereral  chemists^  first  of  whom  were  Berthelot  and  Peak  de 
St.  Gilles.  Their  researches  have  shown  that  the  reaction 
between  the  acid  and  the  alcohol  is  never  complete,  some  of 
both  remaining  uncombined,  no  matter  how  long  the  process  has 
been  carried  on.  When  equivalent  quantities  of  acetic  acid  and 
ethyl  alcohol,  for  example,  are  used,  the  final  product  is  such  that 
from  each  gramme-molecule  of  alcohol  and  acid  used,  only  two- 
thirds  of  a  gramme-molecule  of  an  ester  and  of  water  are  formed, 
vhüe  one-third  of  a  gramme-molecule  of  the  alcohol  and  of  the 
acid  respectively  remain  uncombined.  The  same  limiting  point 
is  reached  when  an  ester  and  water  are  brought  into  contact  in 
eqiuTalent  quantities.  A  state  of  equilibrium  is  ultimately  reached 
between  the  four  substances,  ^cohol,  acid,  ester,  and  water,  due 
to  the  reversibility  of  the  reaction  (**  Inorganic  Chemistry,"  49). 
It  may  be  represented  as  follows : 

C,H,. OH  +  CH,. CO . OH  ;^  CH,. CO •  OC,H,  +  H,0. 

The  equation  of  equilibrium  deduced  in  Ibid.y  49  and  50,  may 
be  applied  to  the  formation  and  decomposition  of  esters.     It  is 

Kp  —  ^)(?  —  a^)  =  ^'^y     or     {p  —  x){q  —  x)  =  jEt^, 

where  j>  is  the  concentration  of  the  alcohol  in  the  first  in8ta^ce, 
and  q  that  of  the  acid,  while  x  represents  the  quantities  of  water 
*iid  of  ester  respectively  present  when  the  state  of  equilibrium  is 
attained.  All  these  are  expressed  in  gramme-molecules,  and  ^is 
a  constant.  There  are  here  two  reactions,  with  opposite  effects, 
**^iiig  place  simultaneously,  so  that  all  the  statements  already  made 
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{Ibid.)  are  equally  applicable  in  the  present  instance.  When/?,  q^ 
and  ^are  known,  the  unknown  quantity  x  may  be  calculated. 

Numerous  observations  have  proved  that  JTis  equal  to  0-25  for  the 
system  ethyl  alcohol  +  acetic  acid.  When  one  gramme-molecule  of 
alcohol  (46  g.)  and  one  gramme-molecule  of  acetic  acid  (60  g.)  are 
broDght  into  contact,  in  this  case  both  p  and  q  being  equal  to  1,  the 
equation  is 

(l-aj)»=0.25ir«,    or    a?"  — faj  +  t  =  0, 
from  which  it  follows  that 

It  follows  that  this  system  in  the  state  of  equilibrium  contains 
i  gramme-molecule  alcohol  +  i  gramme-molecule  acetic  acid  + 
t  gramme-molecule  water  -f  f  gramme-molecule  ester. 

99.  Several  deductions  can  be  drawn  from  the  equation 

;  • :  •  •'  -  -  ^'\if!jc^}^^ "■  ^)  =  ^'"^^ 

which;  had  been  established  by  experiment  long  previous  to  these 
theoretical  developments. 

1.  The  esterification  is  approximately  quantitative  only  when  a 
large  excess  of  the  alcohol  is  mixed  with  a  very  small  quantity 
of  the  acid,  or  when  a  small  proportion  of  the  alcohol  is  brought 
into  contact  with  a  large  amount  of  the  acid. 

Putting  the  equation  in  the  form 


=  K- 


gr-a;' 


it  is  evident  that,  the  quantity  of  the  alcohol  (p)  being  infinitely 
great,  the  right-hand  side  =  oo .  This  holds  good  when  q  =  x, 
that  is,  when  all  the  acid  has  been  converted  into  ester.  It  is  also 
true  when  the  ratio  of  the  quantity  of  acid  to  alcohol  is  infinitely 
great,  the  whole  of  the  alcohol  changing  into  ester. 

2.  The  alcohol  and  the  acid  exercise  the  same  influence  on  the 
formation  of  esters;  that  is,  if  one  mixture  is  made  containing  a 
certain  number  of  acid  molecules  and  n  times  as  many  alcohol 
molecules,  and  another  in  which  the  proportions  of  acid  and 
alcohol  are  reversed,  then  the  number  of  molecules  of  acid  con- 
verted into  ester  in  the  first  case  is  equal  to  that  of  the  molecules 
of  alcohol  converted  in  the  second. 


THEORY  OF  ESTERIFICATION.  119 

When  p  gramme-molecules  of  alcohol  are  mixed  with  np 
gramme-molecules  of  acid,  the  equation  becomes 


p  —  X  _ 


=  ^- 


X  7ip  —  X 

InTersely,  when  np  granrme-molecules  of  alcohol  are  added  to  p 
gramme-molecules  of  acid,  we  have 

np-'X_^    X 
X  p  —  a?' 

But  these  two  equations  are  identical,  the  first  being  converted 

into  the  second  by  multiplying  across  by  -^— — . 

3.  The  addition  of  a  quantity  of  the  ester  to  the  mixture  of  the 
alcohol  and  the  acid  at  the  beginning  of  the  experiment  has  the 
same  effect  on  the  formation  of  ester  as  would  be  exerted  by  an 
equivalent  quantity  of  water. 

When  r  gramme-molecules  of  water  or  of  ester  are  added  to  a 
mixture  containing  p  gramme-molecules  of  alcohol  and  q  gramme- 
molecules  of  acid,  then  in  both  cases  the  equation  becomes 

{P  -  ^){9  —  ^)  =  Kz{x  +  r). 

It  follows  from  this  that  the  equilibrium  is  influenced  to  the 
eame  extent  by  the  addition  of  water  and  of  ester  in  equivalent 
quantities. 

100.  A  typical  application  of  the  principle  of  mobile  equi- 
librium ("Inorganic  Chemistry/'  235)  may  be  made  in  the  case 
of  the  formation  of  esters.  Althougli  the  velocity  of  formation 
and  decomposition  of  esters  depends  greatly  upon  the  temperature, 
a  change  in  the  latter  has  but  very  slight  effect  upon  the  equir 
librinm.  At  10°  the  limit  of  esterification  is  65-2^,  at  220°  it  is 
ö6-5j^.  In  accordance  with  the  principle  just  mentioned,  this 
would  not  be  the  case  unless  the  heats  of  formation  of  the  esters 
were  very  small.  That  they  actually  are  so  has  been  established 
by  experiment. 

101.  The  saponification  of  esters  under  the  influence  of  acids 
takes  place  in  accordance  with  the  following  equation : 

CH,.COOC,H,  +  H,0  =  CH,.COOH  +  C,H,OH. 
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The.  action  of  the  acid  which  is  here  added  is  therefore  only 
catalytic.  It  may  thus  be  noted  that  the  presence  of  minei-al  acid 
only  accelerates  the  saponification,  and  that  the  same  result  would 
be  obtained  without  this  acid^  though  in  a  space  of  time  incom- 
parably longer  (88).  If  the  concentration  of  the  ester  be  Cu  that 
of  the  water  be  C, ,  and  x  the  quantity  of  ester  which  has  undergone 
saponification  during  the  time  t^  then  the  Telocity  of  saponifica- 
tion for  each  moment  can  be  represented  by  the  equation  for 
bimolecular  reactions  (^'Inorganic  Chemistry/'  60): 

^^=k{G,-x){C,-x) (I) 

If  the  ester  is  dissolved  in  a  very  large  quantity  of  water,  the  con- 
centration C%  of  the  water  is  only  very  slightly  altered  by  the 
saponification,  so  that  it  may  be  included  in  the  constant.  The 
equation  is  therefore  simplified  to  that  for  a  unimolecular  reaction: 

fir 

^=-.UCr-x) (2) 

The  saponification  of  esters  by  bases  may  be  represented  as 
follows: 

CHj.COOCaH,  +  NaOH  =  CH,.COONa  +  CjEjOH. 

Since  in  this  case  the  reaction  is  a  bimolecular  one,  equation  (1) 
holds  good  for  it. 

The  velocity  of  saponification  of  esters  by  acids  depends  largely 
on  the  particular  one  used.  With  strong  acids  the  process  is 
rapid,  and  slow  with  weak  ones.  It  has  been  shown  that  the 
velocity  of  saponification  is  conditional  upon  the  amount  of  elec- 
trolytic dissociation  of  the  acid  employed.  From  this  fact  it  may 
be  concluded  that  the  saponifying  action  is  due  to  the  hydrogen 
ion,'  since  this  is  common  to  all  acids.  The  velocity  is  very  much 
greater  for  bases  than  for  acids;  thus,  for  dilute  (decinormal) 
solutions  of  caustic  potash  and  hydrochloric  acid,  the  ratio  of  the 
velocity  constants  E  for  the  saponification  of  methyl  acetate  is 
1350:1.  The  velocity  of  saponification  in  the  case  of  bases  also 
depends  upon  their  electrolytic  dissociation.  Ammonium  hy- 
droxide, for  example,  which  is  considerably  less  ionized  than 
caustic  potash  or  caustic  soda,  saponifies  much  more  slowly  than 
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the  latter.     It  is  therefore  the  hydroxyl-ion,  common  to  all  the 
bases,  which  causes  saponification. 

In  the  technical  saponification  of  fats  with  slaked  lime  (91)  a 
much  smaller  amount  of  this  base  is  used  than  the  equivalent  of 
the  quantity  of  acid  obtained ;  the  saponification  is  nevertheless 
complete.  This  is  due  to  the  fact  that  the  higher  &tty  acids  are 
very  weak,  in  consequence  of  which  their  salts  undergo  partial 
hydrolytic  dissociation.  Thus,  notwithstanding  the  excess  of 
acid,  there  is  always  some  free  base  (hydroxyl-ions)  present,  by 
which  the  saponification  is  effected. 

SsUrifloation  of  Primary.  BoMndary,  and  Tertiary  Alooholi. 

102.  Mensghutkin  baa  investigated  the  quantity  of  ester  formed 
when  primary,  secondary,  and  tertiary  alcohols  respectively  are  heated 
with  an  equivalent  quantity  of  acetic  acid  in  sealed  tubes  for  one  hour 
at  154".  He  has  shown  that  the  percentage-numbers  obtained  for  ail 
the  members  of  each  class  of  alcohols  are  nearly  the  same,  although 
they  differ  widely  for  the  classes  themselves.  Thus  about  41%  of  pri- 
mary, about  22%  of  secondary,  and  only  about  1.5%  of  tertiary  alcohols 
are  converted  into  esters.  This  affords  a  means  of  determining  to 
which  of  the  three  classes  a  given  alcohol  belongs. 

IV.  Thio-addi.  RCOSH. 

108.  The  thio-acids  are  formed  by  the  interaction  of  aoid  chlorides 
and  potassium  sulphydrate,  KSH,  a  method  of  formation  which  is  a 
proof  of  the  constitution  indicated  above.  They  are  liquids  with  a 
most  disagreeable  smell,  and  when  heated  with  salts  of  heavy  metals 
readily  yield  acetic  acid  and  the  corresponding  metallic  sulphide. 

V.  Acid  Amides,  C^H^^  +  i-CONH,. 

104.  Acid  amides  are  formed  by  the  action  of  ammonia  on 
acid  chlorides  or  anhydrides,  a  method  which  affords  a  proof  of 
their  constitution : 

CnH^  +  i-CO|Cl+H|NH,=  C,H^+rCONH,+  HCl; 


c:2::::cS>  0 + Hffi= ^c„H^--«oNH^ 


Acid  amides  are  also  formed  when  the  ammonium  salts  of  the 
fetty  acids  are  strongly  heated,  or  when  the  sodium  salts  are  dis 
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tilled  with  ammoniam  chloride,  one  molecule  of  water  being  split 
off: 

C.H.„  ,  , .  C01Ö|NH,!h;|  =  C„H.„  ^ , .  CONH,  +  H,0. 

It  has  already  been  mentioned  (86)  that  when  the  nitriles  are 
warmed  with  acids,  two  molecules  of  water  are  taken  np,  with 
formation  of  the  corresponding  acids.  This  reaction  can  be  so 
carried  out — for  example  by  dissolving  the  nitrile  in  concentrated 
sulphuric  acid — that  only  one  molecule  of  water  is  added  on.  By 
this  means,  amides  are  obtained : 

CnH^+,CN  +  H,0  =  CnH,„.,,.CONH,. 

The  acid  amides  are  therefore  intermediate  products  in  the  con- 
version of  nitriles  into  acids.  Amides  yield,  on  the  one  hand, 
nitriles  by  elimination  of  water,  by  distilling  with  phosphorus 
pentoxide  for  example;  and  on  the  other,  the  cofresponding  acids 
by  addition  of  the  elements  of  water,  on  boiling  with  duute  acids 
or  alkalis. 

The  acid  amides  are  also  formed  by  the  action  of  ammonia 
upon  esters: 


CÏÏ, .  CO  OC,H,  +  H  NH,  =  CH,  •  CONH,  +  C.H^OH. 


The  acid  amides  are  solid,  crystalline  compounds,  with  the 
exception  of  formamidey  H-CONH,,  which  is  liquid.  The  lower 
members  are  soluble  in  water,  and  odourless  when  pure.  Acei- 
amide,  CH3.CONH,,  melts  at  82°,  and  distils  at  322''.  Some 
specimens  have  a  strong  odour  suggestive  of  the  excrement  of 
mice,  due  to  slight  traces  of  impurities.  The  remarkably  high 
boiling-point  of  this  substance  is  worthy  of  notice. 

There  is  a  great  difference  between  the  behaviour  of  the  acid 
amides  and  the  amines.     The  bond  between  carbon  and  nitrogen 

in  the  group  — ^^^111  ^'  *^®  amides  is  easily  broken  by  boiling 

with  acids  or  alkalis,  which  is  not  the  case  with  the  bond  between 
carbon  and  nitrogen  in  the  amines.  Further,  the  basic  properties 
of  ammonia  are  greatly  weakened  by  the  exchange  of  one  of  its 
hydrogen  atoms  for  an  acid  radicle;  and  although  salts  of  acid 
amides  do  exist,  they  are  decomposed  by  water.  This  is  the  case, 
for  example,  with  acetamide  hydrochloride,  CHj«CO-NH,HCl, 
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whict  is  formed  by  passing  dry  hydrochloric-acid  gas  through  an 
ethereal  solution  of  acecamidc.  The  acid  amides  even  possess 
acid  properties;  thus,  an  aqueous  solution  of  acetartiide  dis- 
solves mercuric  oxide,  forming  a  compound  with  the  formula 
(CH,.CONH),Hg. 

The  behaviour  of  the  amides  and  amines  towards  nitrous  acid 
is  analogous,  the  corresponding  acids  and  alcohols  respectively 
being  produced  by  exchange  of  NH,  for  OH  (72). 

The  amides  can  be  converted  into  the  amines  with  one  carbon 
atom  less  in  the  molecule,  by  treatment  with  bromine  and  caustic 
potash,  or  by  distilling  with  bleaching-powder  and  slaked  lime,  a  good 
method  of  preparing  the  primary  amines  free  from  the  correspond- 
ing secondary  and  tertiary  derivatives.  In  this  way,  hutyramide^ 
OH. . OH.  OH». CONHi ,  yields  propylamine,  OH, •  CH, •  OH, . N H,. 
The  theory  of  this  reaction  will  be  explained  later  (244).  /?  5  ?  '_    '  - 

106.  In  addition  to  the  derivatives  already  described,  there  are 
others  which  can  be  obtained  from  the  acids  by  substitution  in  the 
carboxyl-group,  some  of  which  are  described  below. 

Amido-chlorides  are  formed  by  the  action  of  phosphorus  penta- 
chloride  on  the  acid  amides  : 

ROONH,  +  POl.  =  R.OOUNH,  +  POCl.. 

These  compounds  are  only  stable  when  one  or  both  of  the  hydrogen 
atoms  of  the  amido-group,  NHs,  are  replaced  by  alkyl-radicles. 
They  yield  imino-cMotides,  R.CC1:NH,  by  the  splitting  off  of  one 
molecule  of  HOI ;  the  same  compounds  are  formed  by  the  addition  of 
HOI  to  nitriles. 

Imino-ethen  have  the  constitution  R-C^  Qp ,  derived  by  replace- 
ment of  the  donbly-linked  oxygen  of  the  carboxyl-group  with  the 
imido  group,  NH.  They  are  obtained  by  combination  of  alcohols  and 
nitriles  under  the  influence  of  dry  hydrochloric-acid  gas  : 

The  imino-ethers  form  well-crystallized  salts  with  hydrochloric  acid, 
which  are  converted  by  treatment  with  ammonia  into  the  hydro- 
chlorides of  the  amidinea : 

R.O<:gJ;^^  +  ^^>  =  R0<e5g;^^^  +  O.H..OH. 

The  amidines  are  unstable  in  the  free  state,  but  are  strongly  mono- 
basic, and  form  stable  salts. 
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Amidoximes  are  addition-prodacts  of  the  nitriles  with  hydroxyl- 
amine,  NH,OH : 

R.ON  +  H,NOH  =  RC<^g^. 

They  yield  salts  with  both  acids  and  bases,  and,  with  an  alkaline 
solution  of  a  copper  salt,  give  a  flocculeut,  muddy-brown  or  green 
precipitate.    The  latter  affords  a  characteristic  test  for  them. 

Acidhydrazides  are  formed  by  the  action  of  hydrazine,  H»N— NH«  , 
on  acid  chlorides  or  esters,  and  therefore  have  the  constitution 
B'CONH-NHs.  They  are  converted  by  the  action  of  nitrous  acid 
into  acid  aeides  : 

R.OONHNH,  +  HNO,  =  BOON,  +  H.O. 

These  are  volatile,  explosive  substances,  some  of  which  crystallize  well. 
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106.  The  aldehydes  and  ketones  have  the  general  formula 
CnH^O.     They  are  formed  by  the  oxidation   of  primary  and  ^ 
secondary  alcohols  respectively.     Both  these  classes  of  alcohols 
have  the  general  formula  CnHj^  +  jO,  so  that  the  reaction  in  each^,, 
case  consists  in  the  removal  of  two  hydrogen  atoms. 

On  further  oxidation,  the  aldehydes  take  up  one  oxygen  atom, 
forming  the  corresponding  acids  containing  the  same  number  of 
carbon  atoms.  Thus  CnH,„0  is  converted  into  CnH^O, ,  so  that 
an  aldehyde  is  an  intermediate  product  in  the  oxidation  of  an 
alcohol  to  an  acid : 

C„H,„^,0->C„H,„0-.C„H«,0,.        .    ,    C        : 

Primary  Alcohol       Aldehyde  Acid  /       /    U 


The  constitutional  formula  of  a  primary  alcohol  is  CnH^  + ,  •  CH,OH; 
on  oxidation  this  yields  an  acid  CnH,n4.j-C00H.  Since  the 
alkyl-group  CnH^^.^  is  not  altered  in  this  reaction,  it  must  be 
present  in  the  aldehyde.  Hence,  it  follows  that  the  two  hydrogen 
atoms  removed  from  the  alcohol  by^  oxidation  must  come  from  the 
group  — CHjOH. 

There  still  remain  two  possible  structural  formulaa, 

KC<g,     and     EC— OH, 

of  which  the  second  contains  either  a  divalent  carbon  atom  or  two 
free  linkings,  which  makes  it  very  improbable  that  it  is  the  correct 
formnla  (17).  It  should  moreover  be  noticed  that  it  contains  a 
hydroxyl-group,  whereas  the  aldehydes  have  none  of  the  properties 
peculiar  to  substances  containing  this  group.  They  do  not,  for 
example,  yield  esters  or  ethers;  and  phosphorus  pentachloride  does 
not  replace  OH  by  CI,  but  causes  the  exchange  of  the  oxygen  atom 
for  two  chlorine  atoms.   ^  • 

Since  the  second  formula  is  not  in  agreement  with  the  proper- 
ties of  the  aldehydes,  it  follows  that  the  first  is  the  correct  one. 

This  view  is  supported  by  the  fact  that  the  aldehydes  are 

"5 


c 
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formed  when  acid  chlorides  dissolved  in  moist  ether  are  acted  on 
with  sodium,  the  chlorine  atom  being  replaced  by  a  hydrogen 
atom: 

n-Butyryl  chloride  Butyraldehyde 

TJie  aldehydes  are  therefore  compounds  which  contain  the  group 

— c<2. 

107.  It  was  stated  in  106  that  the  ketones  are  formed  by 
the  oxidation  of  the  secondary  alcohols.  The  ketones  likewise 
lack  the  properties  peculiar  to  hydroxyl-compounds,  which  proves 
that  the  hydrogen  atom  of  the  hydroxyl-group  has  been  removed 
by  the  oxidation.  Leaving  out  of  account  the  possibility  of  the 
setting  free  of  bonds,  the  removal  of  the  second  hydrogen  atom 
can  only  take  place  in  one  of  two  ways — from  the  same  carbon 
atom  to  which  the  oxygen  is  linked,  or  from  the  other  carbon 
atom.  This  can  be  illustrated  in  the  following  way,  B  and  B' 
representing  alkyl-groups: 


i'  c 

I. 

II. 

OH,K    CH.Tl 

CH,R    CHR 

-*  . 

,.  CHOH  — ►  CO    or 

i       l>0 
CHOH  -♦  CH 

CH,R    CH,E' 

CH,R'    CH,R 

For  reasons  analogous  to  those  stated  in  the  case  of  the  aldehydes, 
formula  I  is  more  probable  than  formula  II.  The  products 
obtained  by  the  oxidation  of  the  ketones  show  that  their  constitu- 
tion is  in  fact  represented  by  formula  I. 

The  general  formula  for  a  secondary  alcohol  is 

"^      \'  H  ^^     f    . 

•^     c"  R.CH,.C^CH,R'; 

\0H 

from  such  an  alcohol  two  acids,  E  •  CH,  •  COOH  and  R'  •  CH,  •  COOH, 
are  obtained  by  strong  oxidation,  the  carbon  chain  being  broken 
in  some  of  the  molecules  to  the  right,  and  in  others  to  the  left,  of 
the  CHOH-group.     A  means  of  determining  what  alkyl-groups 
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H 
are  linked  to  the  group  — C —  in  any  secondary  alcohol  is  afforded 

ÖH 
by  this  reaction.  Since  the  same  acids  are  obtained  by  oxidizing 
ketones,  which  are  themselves  produced  by  submitting  secondary 
alcohols  to  gentle  oxidation,  it  follows  that  the  alkyl-groups  of  the 
secondary  alcohols  must  exist  unchanged  in  the  ketone.  Hence, 
such  a  structure  as  that  represented  by  formula  II  is  excluded,  so 
that  formula  I  must  be  the  correct  one. 

Ketones  therefore  contain  the  group  CO,  called  the  carbonyl- 
grou^  linked  to  two  carbon  atoms. 

Aldehydes  may  be  looked  upon  as  ketones  in  which  an  alkyl- 
group  has  been  replaced  by  hydrogen. 


Vomenolature. 

108.  The  name  aldehyde  is  derived  from  aZ(cohol)  dehydiro- 
genatus),  that  is,  ''alcohol  from  which  hydrogen  has  been  ab- 
stracted." The  word  ketone  has  its  origin  in  the  name  of  the 
first  member  of  the  series,  acetone^  CH,-CO-CH,. 

The  aldehydes  are  named  after  the  corresponding  acids: 
forvialdehyde  H-CHO,  acetaldehyde  CH,.CHO,  propionaldehyde 
CjHj.CHO,  valeraldehyde,  C,H,-CHO,  etc. 

The  ketones  derive  their  namesf  from  the  alkyl-groups  which 
they  contain:  dimethylhetone  CH,-CO'OH,,  methylpropylketone 
CH,.CO.C,H,,etc 

Method!  of  Formation. 

109.  There  are  several  methods,  other  than  the  oxidation  of 
alcohols,  applicable  to  the  preparation  of  both  aldehydes  and 
ketones. 

1.  Dry  distillation  of  the  salts  of  the  fatty  acids;  calcium 
acetate  yields  acetone : 


CH,.CO|Oca 
CH,.  COOca 


=  CH,.CO.CH,  +  CaCO,. 
♦ca  =  iCa. 
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An  aldehyde  is  produced  by  the  distillation  when  an  equivalent 
quantity  of  a  formate  is  mixed  with  the  salt  of  the  other  fatty 
acid: 


aH,.COONa 

HCOONa 


=  C3H,.C<J^^  +  Na,C0,. 


Lastly,  mixed  ketones  are  obtained  when  a  mixture  of  the  salts  of 
two  different  fatty  acids,  except  formates,  is  distilled : 

-  .\ 


p  5''?SnS1=  CH,.CO.C,H,  +  Xa,CO,. 

CjHj.  ,COONa|         MethylethylketonS  '        ' 

In  the  last  two  reactions  the  product  contains  the  corresponding 
simple  ketones  in  addition  to  the  aldehyde  or  mixed  ketone.  Thus, 
in  the  example  given  above,  dimethylketone  and  diethylketone  are 
also  formed. 

Given  the  structure  of  the  fatty  acids,  the  method  of  formation 
just  described  could  be  put  forward  as  a  proof  of  the  constitution  of 
the  aldehydes  and  ketones,  if  it  were  not  that  the  reaction  only  takes 
place  at  high  temperatures.  Since  under  such  conditions  organic 
compounds  frequently  undergo  changes  of  structure,  more  especially 
at  the  moment  of  formation,  such  pyrogenetic  reactions  cannot  be 
regarded  as  furnishing  conclusive  evidence  of  the  constitution  of  a 
compound. 

2.  Aldehydes  or  ketones*  can  be  obtained  from  compounds 
containing  two  halogen  atoms  linked  to  a  single  carbon  atom,  by 
heating  them  with  water : 


CH,.CH|CV+H,0  =  CH,.CHO  +  2HC1. 


Ethylidene  chloride 

3.  An  important  method  for  the  preparation  of  ketones,  but 
not  of  aldehydes,  is  the  interaction  of  acid  chlorides  and  zinc- 
alkyls,  or  zinc  alkides  (82).  When  the  two  substances  are  brought 
together,  an  addition-product  is  first  formed;  this  can  only  result 
through  the  changing  of  the  double  bond  of  the  oxygen  atom  into 
a  single  one : 
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A  ketone  is  formed  when  this  addition-product  is  treated  with 
water: 


^0|Zn,CJl,      H|0| 
OnH,„,,>CeCH,          +  =  aH.,^,.CO.CH,  +  ZnO  +  CH, 

^|C1 H|  +  HCl. 

110.  Several  properties  common  to  the  aldehydes  and  ketones 
depend  on  their  power  of  forming  addition-products.  This  power 
has  its  origin  in  the  double  bond  of  the  oxygen  atom,  the  conver- 
sion of  which  into  a  single  bond  sets  free  a  carbon  and  an  oxygen 
linking.  This  enables  the  aldehydes  and  ketones  to  form  addition- 
products  with  the  following  elements  and  compounds. 

1.  Hydrogen. — An  addition-product  is  formed  by  the  action  of 
sodium  amalgam  on  an  aqueous  solution  of  the  aldehydes  or 
ketones;  or,  if  they  are  insoluble,  on  a  mixture  of  them  with  water. 
Primary  alcohols  are  formed  from  aldehydes,  and  secondary  from 
ketones. 

2.  Sodium  hydrogen  sulphite. — When  aldehydes  or  ketones  are 
shaken  up  with  a  very  concentrated  solution  of  this  compound,  a 
crystalline  addition-product  is  obtained : 

H 

To  these  compounds  is  assigned  the  constitution  indicated  by  the 
above  formula,  because  they  are  very  easily  converted  by  the  action 
of  dilute  acids  or  sodium  carbonate  solution  into  the  correspond- 
ing aldehydes  or  ketones;  in  the  case  of  the  higher  members,  mere 
solution  in  water  effects  this  decomposition.  For  this  reason,  it  u 
highly  improbable  that  there  is  a  direct  bond  between  sulphur  and 
carbon  (67).  The  acid  sulphite  compounds — sometimes  incor- 
rectly called  bisulphite  compounds — dissolve  readily  in  water,  but 
are  insoluble  in  very  concentrated  solutions  of  the  acid  sulphite 
itself. 

The  ketones  do  not  all  give  these  addition-products.  They  are 
most  readily  obtained  from  those  containing  one  methyl-group  directly 
linked  to  carbonyl,  or  methylketones. 

The  use  of  acid  sulphite  is  often  exceedingly  serviceable  for  the 
purification  of  aldehydes  or  ketones,  or  for  separating  them  from 
reaotion-mixtures. 


>.■.'  '^ 
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3.  Hydrocyanic  acid. — When  an  aldehyde  or  ketone  is  brought 
into  contact  with  an  aqueous  solution  of  hydrocyanic  acid,  com- 
bination takes  place : 

This  is  a  very  important  synthesis,  because  the  hydroxy-nitriles 
I  thus  formed  can  be  converted  into  hydroxy-acids  by  saponification. 
This  affords  a  means  of  synthesizing  compounds  of  the  latter  class 
(182,  5). 

111.  With  Grignabd's  alkyl  magnesium  halides  (82),  alde- 
hydes and  ketones  form  addition-products,  which,  on  treatment 
with  water,  yield  respectively  secondary  or  tertiary  alcohols: 

R.cl  -I-  E^Mgl  =  RC^OMgl, 

Aldehyde     •  Additlon-prodaot  ^ 

H  <,•■•.■•''• 

2B.C0MgI  +  2H,0  =  2BCH0H-  E'  +  Mgl,  +  Mg(OH), ; 

-n  /  SeoondAry  alcohol 

gg;>CO  +  CH^gBr  =  CH.>o<0»ïB', 

Acetone  Addition-product 

2^5'>^<rH^^''  +  2H,0  =  2(CH,),C0H  +  MgBr,  +  Mg(OH),. 

Kjn^  ^n,  Trimethylcarbluol 

112.  Other  properties  common  to  aldehydes  and  ketones  depend 
upon  the  fact  that  the  doubly-linked  oxygen  atom  can  be  exchanged 
for  other  atoms  or  groups. 

1.  Phosphorus  pentachloride  replaces  the  oxygen  atom  by  two 
chlorine  atoms. 

2.  Hydroxylamine  reacts  in  accordance  with  the  following 
equation : 

g2^>  c'oTijgNOH  -^  ch'>  ^  •  ^^°- 

The  compounds  thus  formed  have  the  general  name  oximes,  being 
called  aldoximes  when  'they  are  derived  from  aldehydes,  and 
keioximes  when  derived  from  ketones.  This  reaction  is  of  very 
general  application.    The  oximes  are  either  crystalline  compounds. 
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or  liquids,  and  possess  both  acid  and  basic  properties.  When  treated 
with  bases,  the  hydrogen  of  the  hydroxyl-group  is  replaced  by  a 
metal;  with  acids,  addition-products  are  formed,  the  reaction 
being  similar  to  the  production  of  ammonium  salts: 

(CH,),C=N0H.HC1. 

Aoetoxime  hydrochloride 

On  boiling  with  dilute  hydrochloric  acid,  the  oximes  take  up 
one  molecule  of  water,  yielding  hydroxylamine,  and  either  an 
aldehyde  or  a  ketone. 

The  following  is  a  proof  of  the  constitution  given  above  for  the 
oximes.  There  can  be  no  doobt  that  when  hydroxylamine  acts  on  a 
ketone  or  an  aldehyde,  condensation  takes  .place  with  elimination  of 
the  water  formed  by  the  onion  of  the  hydrogen  of  the  hydroxylamine 
with  the  oxygen  of  the  earbonyl-group,  because,  if  the  alkyl-gronps 
took  part  in  the  reaction,  the  regeneration  of  the  aldehyde  or  ketone 
would  not  be  so  readily  effected.  The  possible  stractural  formulie 
for  the  oximes  are  therefore  reduced  to  two : 

I.      .  . ->  II. 

HO 

^N  ^  >C=NOÉ  and   >C( 


>00  +  H 
H 


H 
O  +  IT 


li 


\  .0 


/  ^1<H 


The  oximes  contain  one  hydrogen  atom  replaceable  by  an  alkyl- 
gronp.  When  such  an  alkyl-oxime  is  boiled  with  hydrochloric  acid, 
there  is  formed,  in  addition  to  the  aldehyde  or  ketone,  an  alkyl- 
hydroxylamine.  This  has  the  constitution  H«N-0*R',  because  on 
heating  it  with  hydriodic  acid,  the  alkyl-group  is  split  off  with  forma- 
tion of  an  alkyl  iodide,  a  reaction  which  could  not  take  place  if  the 
alkyl-group  were  directly  linked  to  the  nitrogen  atom ;  since,  if  this 
were  the  case,  an  alkyl-amine  would  of  necessity  be  formed.  For- 
mula II  is  therefore  excluded,  as  replacement  of  the  hydrogen  atom 
in  its  NOH-group  indicates  the  formation  of  a  compound  containing 
an  alkyl-group  directly  linked  to  a  nitrogen  atom. 

Energetic  reduction  converts  the  oximes  into  amines : 

R,.C=NOH  +  4H  =  E,.CNH,  +  H,0. 

H 

The  aldoximes  are  readily  transformed  into  the  corresponding 
nitriles  by  the  action  of  dehydrating-agents,  such  as  acetio 
anhydride:. 

C,H^ ^ , »C=N|ÖH  ^  C,H^ ^ , . C=N. 

IH 
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Eetozimes  undergo  a  very  peculiar  rearrangement  of  the  atoms  in 
the  molecule,  an  irUramolecular  traruformatian,  called,  after  iU  dis* 
coverer,  **  Bbckmann's  transformation."  This  takes  place,  for  exam- 
ple, on  the  addition  of  acetyl  chloride.  The  ketozimes  thus  yield 
acid  amides,  with  snbstituting-groups  linked  to  the  nitrogen  atoms  : 

RCOH     ROO 


NR'  NHR' 


In  accordance  with  the  above  formulie,  this  reaction  may  be  looked 
upon  as  due  to  the  exchange  of  the  hydroxyl-group  of  the  oxime  for 
an  alkyl-group  of  the  ketone-residue.  The  unstable  product  which  ig 
assumed  to  be  first  formed  changes  into  the  amide,  the  hydrogen  atom 
of  the  OH-group  becoming  linked  to  the  nitrogen  atom. 

Aldehydes  and  ketones  react  vrith phe7iylhydrazine,G^E.^'NR  •  NH 
(SOS),  in  a  manner  exactly  analogous  to  their  behaviour  with 
hydroxylamine: 


g;>C[0  +  H,|y -NH.C.H,  =  g.>C=N.yH.C,H,  +  H,0. 


Fhenylhydrazine  Phenylhydraione 

The  substances  formed^  called  hydrazones,  are  either  well-defined 
crystalline  compounds,  or  liquids.  When  heated  with  hydrochloric 
acid,  they  take  up  the  elements  of  water,  forming  phenyihydrazine 
and  the  corresponding  aldehyde  or  ketone.  Phenyihydrazine  and 
hydroxylamine  are  important  reagents  for  detecting  the  presence 
of  a  carbonyl-group  in  a  compound,  because  only  substances  con- 
taining this  group  react  with  them. 

The  constitution  of  the  phenylhydrazones  is  established  in  the  fol- 
lowing way.  Derivatives  of  phenyihydrazine  obtained  by  replacement 
of  the  hydrogen  of  the  imido-group,  —  NH,  by  an  alkyl-group,  react 
in  the  same  manner  with  aldehydes  and  ketones.     Thus  the  structure 

NH 
^^<xr  ^  TT  is  excluded.    This  is  rendered  even  more  evident  bv 

the  fact  that  only  phenylhydrazines  which  contain  an  unsubstituted 
amido-group  are  capable  of  forming  hydrazones. 


ALDEHYDES.  133 


ALDEHYDES. 

113.  In  addition  to  those  mentioned  above  (110  to  112),  which 
they  share  with  ketones,  aldehydes  possess  the  following  properties 
pecnliar  to  themselves. 

1.  They  form  addition-products  with  ammonia.  Thus,  acet- 
ftldehyde-ammonia  is  produced  when  ammonia  reacts  with  acet- 
aldehyde: 

C,H  0  +  NH,  =  C,H,ONH,. 

Aoetaldehyde  AoetaIdehyde-amnioiii& 

It  is  precipitated  in  the  form  of  white  crystals  when  dry  ammonia- 
fS^  is  passed  into  a  solution  of  acetaldehyde  in  carefully  dried 
*ther,  and  is  very  soluble  in  water.  Acids  decompose  the  alde- 
^ijde-ammonia  compounds  into  their  components;  caustic  potash 
^  unable  to  effect  this  decomposition. 

The  molecalar   formula    of  aoetaldehyde-ammouia    at   ordinary 
^^Uiperatures  is  three  times  that  of  its  empirical  formula.     When 
dïied  over  sulphuric  acid,  it  loses  water  easily,  being  oonverted  into 
(CHs*CHNH)s,  which  is  a  polymer  of  ethylidene-imine. 

2.  Reaction  with  alcohols.  Aldehydes  are  capable  of  combina- 
tion with  two  molecules  of  alcohols,  with  elimination  of  water: 


«H,ofl+|j««A;:cH,c<o^;«;+H.o. 

These  compounds  are  called  acetah.  They  are  readily  formed  by 
the  addition  of  the  aldehyde  to  a  1^  solution  of  anhydrous  HCl  in 
alcohol.  This  reaction  is  not  complete;  it  is  limited  by  the  reverse 
one,  since  water,  acting  on  ace  tal,  causes  the  formation  of  aldehyde 
aud  alcohol.  Both  formatiou  and  decomposition  of  acetal  are 
considerably  accelerated  by  the  presence  of  a  small  quantity  of  a 
strong  mineral  acid,  which  acts  here  as  a  powerful  catalytic  agent. 
The  acetals  are  liquids  of  aromatic  odour,  and  distil  without 
decomposition.  They  are  not  attacked  by  alkalis,  but  are  split  up 
l>y  acids  into  the  compounds  from  which  they  were  produced. 
This  latter  property  further  establishes  the  structure  given  above, 
according  to  which  the  alkyl-groups  are  linked  to  the  aldehyde- 


134  ORGANIC  CHEMISTRY. 

residue  by  means  of  oxygen,  since  a  carbon  bond  could  not  usually 
be  broken  in  this  manner. 

3.  Addition-products  are  obtained  with  acid  anhydrides: 

CH..C^  +  0(COCH.).  =  CH..CH<gggg]^|. 

Acetic  anhydride 

These  compounds,  which  are  analogous  to  the  acetals,  are  easily 
decomposed  by  water,  and  still  more  easily  by  alkalis,  into  the 
corresponding  acid  and  aldehyde. 

114.  The  aldehydes  further  possess  the  power  of  combining 
with  themseWes.  This  takes  place  in  two  ways.  When  a  few 
drops  of  concentrated  sulphuric  acid  are  added  to  acetaldehyde,  a 
liquid  boiling  at  22**,  it  is  observed  that  the  mixture  becomes 
warm,  and  eyen  begins  to  boil  violently.  At  the  end  of  the  re- 
action a  colourless  liquid  is  obtained,  similar  to  the  original  one, 
but  boiling  about  100°  higher,  at  124°.  The  empirical  formula 
of  this  compound  is  the  same  as  that  of  aldehyde  itself,  C,H^O,' 
but  its  vapour  density  is  three  times  as  great,  so  that  it  has  the 
molecular  formula  C^Hj^O,.  This  compound,  paraldeJiyde,  is 
readily  converted  into  ordinary  aldehyde  by  distillation  with  dilute 
sulphuric  acid.  This  is  another  example  of  a  reaction  limited  by 
the  reverse  one: 

c.H„o.;::3c.H,o. 

The  equilibrium  reached  must  be  independent  of  the  nature  of  the 
acid,  that  is,  of  the  catalytic  agent  (''Inorganic  Chemistry,"  49). 
This  ha«  been  proved  by  experiment  in  this  case.  The  same  state  of 
equilibrium  must  be  reached  without  the  aid  of  any  catalytic  agent, 
but  the  reaction  then  proceeds  so  slowly  that  it  has  not  yet  been 
possible  to  prove  this  experimentally.  A  direct  linkage  between 
the  carbon  atoms  of  the  three  aldehyde  molecules  which  have 
united  to  form  paraldehyde  is  improbable,  but  a  linkage  through  the 
oxygen  atoms  must  be  assumed,  because  it  accounts  for  the  ease 
v/itli  which  the  molecule  of  paraldehyde  can  be  split  up.  It  is 
not  attacked  by  sodium,  and  therefore  cannot  contain  hydroxyl- 
groups.     All  the  characteristics  peculiar  to  aldehydes  are  wanting, 

showing  that  paraldehyde  does  not  contain  the  group  — C'^p.. 
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The  foUowing  constitutional  formula  best  expresses  these  proper- 
tiefi: 

OH,.C  CCH, 

A     A 

The  linking  together  of  two  or  more  molecules  of  a  substance, 
^ith  formation  of  a  body  from  which  the  original  compound  may 
be  regenerated^  is  called  polyrtierization. 

116.  The  union  of  the  aldehyde  molecules  among  themselves 
^^es  place  in  a  different  way  when  a  dilute  solution  of  an  alkali 
is  added  to  an  aldehyde.  When  an  aqueous  solution  of  acetalde- 
hy^ie  is  warmed  with  caustic  potash,  the  liquid  becomes  yellow; 
after  a  short  time,  reddish-yellow,  amorphous  masses  are  pre- 
cipitated. The  aldehyde  has  resinified,  and  the  reddish-yellow 
sabstance  formed  is  called  aldehyde-resin.  When,  however,  di- 
lute caustic  potash  (or  sodium  acetate,  zinc  chloride,  etc.)  is 
added  to  acetaldehyde,  a  substance  is  formed  having  the  same 
empirical  composition  as  acetaldehyde,  but  with  double  the 
niolecular  formula,  C^HgO,.  This  compound  is  called  cddol;  it  is 
a  liquid,  distilling  without  decomposition  under  diminished 
pressure,  and  readily  undergoing  polymerization.  It  possesses  the 
Pï'operties  peculiar  to  the  aldehydes,  yielding  on  oxidation,  for 
erample,  an  acid  with  the  same  number  of  carbon  atoms.  The 
»<ïid  EO  obtained  has  the  formula  C^HgO,,  and  on  investigation 
proves  to  be  an  n-hydroxybutyric  acid,  that  is,  w-butyric  acid  in 
^lüch  one  of  the  H-atoms  of  the  alkyl-groüp  has  been  replaced  by 
V<iroxyl.  It  can  be  converted  into  butyric  acid,  which  contains 
*  chain  of  four  carbon  atoms,  proving  the  presence  of  such  a  chain 
^^  aldol.  In  this  case,  the  linking  together  of  the  aldeliyde 
molecules  has  been  effected  through  the  carbon  bonds,  a  further 
proof  of  which  is  that  aldol  cannot  be  reconverted  into  aldehyde. 
J^ne  iol lowing  equation  represents  the  linking  together  of  the 
^idel^jde  molecules  to  form  aldol,  the  formula  given  for  which 
accounts  for  its  properties: 

CH,.cJ+HCH,.c5  =CH,.C^CH,.c5. 

^^  Aldol 


\ 
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Id  addition  to  the  above  explanation  of  the  formation  of  aldol  by 
the  combination  of  one  of  the  hydrogen  atoms  of  one  aldehyde  mole- 
cule with  the  oxygen  atom  of  another  to  form  hydroxyl,  it  might  be 
explained  by  assuming  that  an  aldehyde  molecule  united  with  a  mole- 
cule of  water,  forming  an  addition-product  which  reacts  with  a  second 
molecule  of  aldehyde  with  elimination  of  water : 

OH..o5  +  H.o=CH..c<gS;    t>\'     V  , 

H  -.).v  .    •      .  »  ., 

•     OH  H 

Aldol 

The  formation  of  such  an  addition-product  with  subsequent  elimina- 
tion of  the  wat«r,  is  frequently  assumed  to  take  place,  this  assump- 
tion often  affording  an  explanation  of  the  course  of  reactions.  This 
has  been  experimentally  verified  in  a  few  cases. 

Aldol  is  both  an  alcohol  and  an  aldehyde,  hence  its  name, 
aZ(2(ehyde-alcoh)o2.  The  linking  together  of  molecnies  through 
carbon  bonds,  as  in  the  formation  of  aldol,  with  the  production  of 
compounds  from  which  the  original  substance  cannot  be  regen- 
erated by  any  simple  method,  is  called  condensation. 

It  is  probable  that  aldehyde-resin  is  a  product  resulting  from  con- 
tinued condensation  of  the  aldol  molecules  with  elimination  of  water, 
just  as  aldol  itself  easily  loses  one  molecule  of  water  when  heated, 
with  formation  of  crotonaldehyde  : 

CH.CHOH.CH.a^-H.O  =  CH^CHtCHC^- 
Aldol  O  O 

Crotooaldehyde 


Teiti  for  Aldehydes. 

116.  The  following  tests  are  used  for  the  detection  of  aldehydes. 

1.  Resinification  with  alkalis. 

2.  Reduction  of  an  ammoniacal  silver  solution.  This  solution 
is  prepared  by  adding  excess  of  caustic  potash  to  a  solution  of 
silver  nitrate,  and  then  ammonia  carefully  until  the  silver  oxide 
precipitated  is  just  dissolved.  When  this  liquid  is  brought  into  a 
dilute  aqueous  solution  of  an  aldehyde,  and  the  mixture  warmed, 
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Metallic  silver  is  deposited  on  the  sides  of  the  tube  in  the  form  of 

*  beautiful  metallic  mirror. 

3.  When  aldehyde  is  added  to  a  solution  of  magenta  which  has 
^n  decolourized  with  sulphurous  acid,  the  red  colour  is  restored 
V  the  formation  of  condensation-products. 


Formaldehyde,  H .  C<:  q  . 

^  X  7.  It  was  mentioned  in  88  that  formic  acid,  the  first  mem- 

^t  the  homologous  series  of  fatty  acids,  has  certain  properties 

^^\  possessed  by  the  higher  members.     Formaldehyde  affords  a 

sinking  example  of  this  phenomenon  of  disparity  between  the  first 

and  succeeding  members  in  a  homologous  series. 

Formaldehyde  is  obtained  by  the  oxidation  of  methyl  alcohoh 
This  is  effected  by  passing  a  mixture  of  air  and  methyl  alcohol 
vapour  over  a  hot  spiral  of  platinum  or  copper.  The  heat  pro- 
duced by  this  reaction  is  sufficient  to  raise  the  temperature  of  the 
spiral  to  redness,  and  to  maintain  it  at  this  point,  provided  the 
stream  of  gas  is  passed  over  it  with  sufficient  velocity.  The 
formaldehyde  produced  is  absorbed  in  water  in  which  it  is  readily 
soluble. 

Formaldehyde  is  gaseous  at  ordinary  temperatures.  It  has  a 
very  pungent  odour.  When  cooled  with  solid  carbon  dioxide  and 
ether,  it  liquefies,  its  boiling-point  being  —  20°.  Even  at  this 
temperature  polymerization  begins,  and  at  higher  temperatures  it 
polymerizes  with  explosive  energy.  When  the  aqueous  solution 
is  evaporated  over  concentrated  sulphuric  acid,  only  part  of  the 
formaldehyde  is  evolved  as  gas;  the  rest  polymerizes,  and  remains 
behind  in  the  form  of  a  white,  crystalline  mass,  called  oxy- 
methylene.  The  molecular  weight  of  this  polymer  is  not  known, 
but  on  heating,  it  is  reconverted  into  formaldehyde,  which  proves 
it  to  be  a  true  polymer.  Formaldehyde  does  not  yield  an  aide 
hyde-ammonia  on  treatment  with  ammonia,  but  a  complicated 
compound,  G^H^N^ ,  hexamethyhneamtne,  a  crystalline,  basic  sub- 
stance. Formaldehyde  does  not  resinify  when  treated  with  caustic 
potash,  but  is  converted  into  methyl  alcohol  and  formic  acid: 

2CH,0  +  H,0  =  CH3OH  +  HCOOH, 


t^ 
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The  oocime  of  formaldehyde  also  readily  undergoes  polymeriza- 
tion. It  is  thus  seen  that  formaldehyde  and  its  derivatives  display 
a  much  greater  tendency  towards  polymerization  than  do  the  other 
aldehydes^  and  differ  from  them  in  their  behaviour  with  ammonia 
and  with  caustic  potash. 

An  aqueous  solution  containing  40^  of  formaldehyde  is  sold 
under  the  name  "formalin."  When  diluted,  this  is  used  as  a 
disinfectant,  and  in  the  preservation  of  anatomical  specimens. 
It  possesses  the  remarkable  property  of  converting  albuminous 
substances  into  a  hard,  elastic  mass,  quite  insoluble  in  water. 
The  contents  of  a  hen's  egg,  for  example,  undergo  this  trans- 
formation when  left  in  contact  with  formalin  for  half-an-hour; 
brain-substance  attains  the  consistency  of  india-rubber,  and  a 
solution  of  gelatine  is  converted  into  a  hard,  transparent,  insoluble, 
odourless  mass,  reducible  to  a  fine  powder,  25  drops  being  used 
for  every  500  g.  of  dissolved  gelatine. 

The  conoentration  of  a  formalin  solution  is  determined  by  adding 
excess  of  a  solution  of  sodium  hydroxide  of  twioe  the  normal  strength, 
followed  by  hydrogen  peroxide,  which  converts  the  formaldehyde  com- 
pletely into  formic  acid.  The  amount  of  alkali  not  taken  up  by  this 
aoid  is  estimated  by  titration,  from  the  result  of  which  the  amount  of 
formaldehyde  can  be  calculated,  since  one  molecule  of  the  aldehyde 
yields  one  molecule  of  the  acid. 

Acetaldehydè,  CH,  •  C  ^  ^ . 

118.  Acetaldehydè  may  be  regarded  as  the  typical  aldehyde  of 
this  series.  It  possesses  the  properties  given  above  as  general  for 
this  class  of  compouxids.  It  is  obtained  by  the  oxidation  of  ethyl 
alcohol  by  means  of  potassium  bichromate  and  sulphuric  acid,  and 
is  a  liquid  with  a  disagreeable  odour,  at  least  in  a  dilute  state; 
it  boils  at  22°,  and  solidifies  at  —120. 6°.  As  already  stated  (114), 
it  easily  undergoes  polymerization  with  formation  of  paraldehyde, 
CgHjjO,.  Another  compound  having  the  formula  C,H„0,  also 
exists,  called  wetaldehyde;  it  is  a  crystalline  product,  and  mist 
be  likewise  a  polymer,  since  heating  reconverts  it  into  ordinary 
aldehyde.  As  in  the  case  of  paraldehyde,  it  does  not  give  the 
ordinary  aldehyde  reactions;  for  example,  it  is  not  resinifled  by 
alkalis.     Paraldehyde  and  metaldehyde  are  possibly  stereoisomers. 
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119.  The  general  properties  of  the  ketones  have  been  already 
mentioned  (110  to  112).  The  first  member  of  this  homologous 
series  cannot  contain  less  than  three  carbon  atoms. 

Experience  has  shown  that  ketones,  which  may  be  represented 
by  the  general  formula  R-CO-R',  are  always  split  up  at  the 
carbonyl-group  on  oxidation  (107);  that  is,  oxidation  occurs  at 
that  point  in  the  molecule  at  which  oxygen  is  already  present  (49). 
This  decomposition  can,  however,  take  place  in  two  different 
ways: 

R.|CO.R'    or    RCOjR'. 

Methylnonylketone,  CH,'|CO'|C,H,^,  for  example,  can  yield 

formic  acid,  CH,0,,  and  capric  acid,  Cj^^H^O, ;  or  acetic  acid, 
^^O,,  and  pelargonic  acid, ,C,HjgO, ;  according  as  the  decomposi- 
tion take  splace  at  the  points  indicated  by  the  lines  I  and  II 
Twpfe  ctiyely.  The  oxidation  is  actually  such  that  the  decomposi- 
tion takes  place  at  both  points  simultaneously,  so  that  four  acids 
are  obtained.  Two  of  these  may  be  identical;  for  example,  the 
oxidation  of  methylethylketone,  CH,'CO'C,Hj,  produces  acetic 
and  acetic  acid  by  decomposition  at  one  point  of  the  molecule, 
while  if  it  takes  place  at  the  other  point,  formic  and  propionic 
acids  are  produced.  In  the  majority  of  cases,  one  of  these  reac- 
tions predominates,  usually  that  one  which  leaves  the  carbonyl 
linked  to  the  smallest  alkyl-residue.  The  oxidation  of  the  ketones 
therefore  affords  a  means  of  determining  the  position  which  the 
carbonyl-group  occupies  in  the  molecule. 

The  ketones  are  further  distinguished  from  the  aldehydes  by 
their  behaviour  towards  ammonia;  this  has  been  carefully  investi- 
gated in  the  case  of  acetone,  the  first  member  of  the  series. 
By  elimination  of  water  it  yields  complicated  substances,  such 
as  iiacetoneamine,  C^H^NO  (2C,H,0  +  NH,  —  H,0),  triacetone- 
amine,  C,H„NO  (3C,HgO  +  NH,  -  2H,0),  etc. 

The  ketones  do  not  yield  polymers,  but  are  capable  of  forming 
condensation-products. 
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Acetone,  CH,.CO.CH,. 

120.  Acetone  is  prepared  on  the  manufacturing  scale  from 
crude  wood-spirit  (46),  and  by  the  dry  distillation  of  calcium 
acetate.  It  is  present  in  very  small  quantities  in  normal  urine,  but 
in  much  greater  amount  as  a  result  of  pathological  conditions, 
as  in  cases  of  diabetes  mellitus  and  acetonuria.  It  is  a  liquid  of 
peculiar,  peppermint-like  odopr,  boils  at  56-3°,  solidifies  at 
—  94-9°,  and  has  a  specific  gravity  of  0-812  at  0°.  It  is  an  excel- 
lent solvent  for  many  organic  compounds,  and  is  miscible  in  all 
proportions  with  water.  It  is  converted  by  reduction  into  iso- 
propyl  alcohol,  and  yields  a  crystalline  oxime  melting  at  69°. 

Sulpfional,  a  compound  important  in  medicine  as  a  soporific,  is 
prepared  from  acetone.  In  presence  of  hydrochloric  acid,  acetone 
unites  with  ethylmercaptan  with  elimination  of  water : 

(CH,),CO  +  2HSC,H.  =  (CH,),C(SC,H»),  +  HaO        "f       J  ' 
Dimethrldiethyl-  / 

meróaptole 

Oxidation  with  potassium  permanganate  conyerts  the  two  sulphur  atoms 
of  this  compound  into  SOa-groups,  forming;^  diethylsulphonedimethyl-  ^- 
methaoe,  (CH»)fC(SO»CfH»)»,  or  sulphonal.  It  crystallizes  in  colourless 
prisms,  which  dissolve  with  difficulty  in  cold  water,  and  melt  at  126*. 

ThioaldehydM  and  TUoketonM. 

121.  These  are  compounds  containing  sulphur  in  place  of  the  oxy- 
gen of  the  aldehydes  and  ketones.  Thioacetaldehyde  is  not  itself 
known,  but  its  polymer,  trithioacetcUdehydey  OiHiaSi,  is  obtained  by 
leading  sulphuretted  hydrogen  into  acetaldehyde  in  presence  of  hydro- 
chloric acid.  Oxidation  converts  it  into  a  trisulphone  (67),  each  sul- 
phur atom  being  oxidized  to  an  SOj-group. 

Although,  acetone  itself  does  not  undergo  polymerization,  replace- 
ment of  its  oxygen  atom  by  a  sulphur  atom  confers  this  property  on  it 
in  a  high  degree.  This  polymerization  can  be  effected  by  the  methods 
applied  to  aldehydes.  Three  molecules  become  linked  together,  form- 
ing trithioacetone,  CbHisSs. 
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I.    ALKYLSnS  OB  OLEmiEB,  CnHni. 

Methods  of  Formation. 

122.  1.  The  olefines  are  obtained  in  the  dry  distillation  of 
complicated  carbon  componnds,  which  accounts  for  their  presence 
to  the  extent  of  4-ö^  in  coal-gas. 

2.  By  elimination  of  the  elements  of  water  from  the  alcohols 
C.H,..,0: 

C,H„.OH  =  C,H.,+  H.O. 

This  can  sometimes  be  brought  about  by  mere  heating,  as  in  the 
case  of  tertiary  alcohols,  but  it  is  usually  necessary  to  heat  the 
alcohol  with  a  dehydrating-agent,  such  as  concentrated  sulphuric 
acid  or  zinc  chloride.  The  elimination  of  water  from  the  secondary 
and  tertiary  alcohols  is  more  easily  effected  than  from  the  cor- 
responding primary  compounds. 

3.  By  siplitting  off  a  haloid  acid  from  alkyl  halides.  This 
is  carried  out  by  heating  the  latter  with  alcoholic  potash,  a  solution 
of  caustic  potash  in  alcohol: 

OnH^  ^  ,1  +  KOC.H.  =  C.H,.  +  KI  +  C,H.OH. 

Ether  is  formed  at  the  same  time  (62) : 

C„H„,  .1  +  KOC,H.  =  C„H„  +  ,OC,H.  +  KI. 

When  alkyl  iodides  are  used,  the  reaction  taj^es  place  chiefly  in 
accordance  with  the  first  of  these  two  equations,  the  secondary 
and  tertiary  iodides  being  specially  suited  for  the  production  of 
unsaturated  hydrocarbons. 

X4I 
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Name. 

Formula. 

Boiling- 
point. 

Name. 

Formula. 

Boilingr- 
point. 

Ethylene 

Propylene  .... 
n-Butylene.... 
7i-Ainylene.... 
Hexylene .... 

C,H« 
C,H. 
CH.-.CH.CHj 
C5H.. 
C.H., 

-108' 

—  Ö* 
35** 

Ö8' 

Heptylene. , . . 

Octylene 

Nonylene  .... 

Decylene 

Undecylene. . . 

C7H14 

C.H,. 

C.H,. 

CioHst 

C..H„ 

98** 
124* 
153** 
172** 
195** 

The  names  of  the  members  of  this  series  are  derived  from  those 
of  the  saturated  hydrocarbons  by  altering  the  termination  **ane'' 
to  '*ylene.''  These  compoand,s  are  denoted  by  the  general  name 
alJcylenes  or  olefines. 

In  order  to  indicate  the  position  of  the  double  linking  in  the 
molecule,  the  alkylenes  are  sometimes  regarded  as  substituted 
ethylenes;  thus,  CH,-CH  :  CH-CH,  is  called  symmetrical  di- 
methylethylene,  and  (CH,),C  :  CH,,  asymmetrical  dimethyl- 
ethylene. 

Properties. 

123.  The  lowest  members  of  this  homologous  series  are  gases, 
and  are  slightly  soluble  in  water;  the  higher  members  are  liquids 
or  solids,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  At 
their  melting-points  the  specific  gravities  of  the  lower  members 
are  about  0-63,  rising  with  increase  in  the  number  of  carbon 
atoms  to  about  0  •  79. 

Their  most  important  chemical  property  is  the  power  of  form- 
ing addition-products,  on  account  of  which  they  are  said  to  be 
unsaturated.  Addition-products  are  very  readily  obtained  by  the 
action  of  the  halogens,  especially  bromine,  on  the  olefines,  and  in 
general  on  substances  containing  a  double  bond,  the  presence  of 
which  can  be  detected  by  their  power  of  decolourizing  bromine- 
water.  Another  test  for  the  presence  of  a  double  linking,  sug- 
gested by  Baeyer,  is  carried  out  by  shaking  the  substance  with 
a  dilute  solution  of  potassium  permanganate  and  sodium  carbonate. 
Owing  to  reduction  in  presence  of  a  double  carbon  bond,  the  violet 
colour  of  the  permanganate  quickly  disappears,  with  formation  of  a 
brown-red,  flocculent  precipitate  of  a  hydrate  of  manganese  dioxide. 
Various  classes  of  compounds,  for  example  aldehydes,  react 
similarly  with  potassium  permanganate,  so  that  the  test  can  only 
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be  applied,  when  they  are  absent,  to  hydrocarbons,  unsaturated 
acids,  and  a  few  other  substances. 

The  haloid  acids  react  by  addition  with  the  olefines  to  form  the 
alkyl  halides.     Hydriodic  acid  combines  in  this  way  very  readily. 

Concentrated  sulphuric  acid  yields  the  alkyl-sulphuric  acids  by 
addition,  it  being  sometimes  necessary  to  employ  the  fuming  acid. 
The  addition  of  sulphuric  acid,  like  that  of  the  haloid  acids, 
results  in  the  union  of  the  acid-residue  with  the  unsaturated 
carbon  atom  linked  to  the  smallest  amount  of  hydrogen.     For 

pTT 

example,  isobutylene,  nTi'>C  :  CH,,  treated  with  sulphuric  or 
hydriodic  acid  yields 

g^»>C--CH3         or  ^i;>C-CH, 

OSO3H  1 

This  reaction  may  be  expressed  in  another  way  by  stating  that 
there  is  a  tendency  on  the  part  of  the  methyl-groups  to  increase 
in  number  in  addition-reactions  of  this  kind. 

Hypochlorous  acid,  CI -OH,  can  also  form  addition-products, 
^hich  are  chlorinated  alcohols : 

CH,  =  CH,  +  ClOH  =  CH,C1.CH,0H. 

Echylene  Qlyoolchlorbjdrlo 

I24.  Olefines  can  also  form  condensation-products;  for  ex- 
ample, butylene  and  the  amylenes  yield  them  on  treatment  with 
jooderately  dilute  sulphuric  acid,  although  ethylene  cannot  be 
similarly  condensed.  The  condensation  may  be  explained  by 
assuming  that  an  addition-product  with  sulphuric  acid,  an  alkyl- 
sulphuric  acid,  is  first  formed,  which  then  reacts  with  a  second 
molecule  of  the  define : 

^Jj»>C:CH,  yields  (CH,),C— CH, 


|OSO,H-f  H  HC  :  C(CH,),;  -♦ 
^  (CH.),C-CH, 
"^         HC=C(CH,),. 

The  simplest  member  of  this  series,  CH, ,  methylene,  has  not 
been  obtained.     Various  attempts  have  been  made  to  prepare  it : 
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for  instance,  by  the  removal  of  HCl  from  methyl  chloride:  these 
have  always  resulted  in  the  formation,  not  of  methylene,  but  of 
ethylene,  two  CH,-groups  uniting  to  form  a  single  molecule. 

Ethylene,  C,H,. 

126.  Ethylene  is  a  gas,  and  is  usually  prepared  by  heating  a 
mixture  of  alcohol  and  sulphuric  acid.  Ethylsulphuric  acid  is 
first  formed  (60),  and  decomposes  on  further  heating  into  ethylene 
and  sulphuric  acid : 

C,H,SO,H  =  C,H,  +  H,SO,. 

In  the  preparation  of  ether  the  temperature  is  not  allowed  to  rise 
above  a  certain  limit,  and  fresh  alcohol  is  continually  added,  but 
in  this  reaction  a  higher  temperature  is  employed,  and  no  alcohol  is 
added.  As  a  result  of  this  stronger  heating,  sulphur  dioxide  and 
carbon  dioxide  are  produced,  and  are  removed  from  the  ethylene 
by  washing  it  with  dilute  alkali.  A  purer  product  is  obtained  by 
dropping  ethyl  alcohol  on  phosphoric  acid,  heated  to  200°,  and 
subsequently  raising  the  temperature  to  220°. 

Ethylene  can  also  be  readily  prepared  from  ethylene  bromide, 
CjH^Brj ,  by  removal  of  its  two  bromine  atoms.  This  is  effected 
by  bringing  it  into  contact  with  a  copper-zinc  couple  (29). 

Ethylene  possesses  a  peculiar,  sweetish  odour,  and  bums  with 
a  luminous  flame.  It  is  slightly  soluble  in  water  and  in  alcohol. 
When  passed  into  bromine  it  is  quickly  converted  into  ethylene 
bromide,  C,H^Br,.  It  is  readily  absorbed  by  concentrated  sulpliuric 
acid  at  170°,  with  formation  of  ethylsulphuric  acid.  It  is  a 
remarkable  fact,  discovered  by  Sabatier,  that  a  mixture  of 
hydrogen  and  ethylene  is  changed  completely  into  ethane  wlien 
passed  over  finely-divided  nickel,  at  temperatures  of  less  than  300° 
(29  and  133). 

Amylenes,  C^H,,,. 

126.  A  mixture  of  isomeric  amylenes,  together  with  pentane, 
is  technically  prepared  by  heating  fusel  oil  (47)  with  zinc  chloride. 

The  isomeric  amylenes  can  be  separated  by  two  methods,  which 
are  also  applicable  in  other  similar  cases.  One  of  these  is  based  on 
the  solubility  of  some  of  them  in  a  mixture  of  equal  volumes  of 
water   and    concentrated   sulphuric   acid  at  a  low  temperature, 
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whereby  amylsulphuric  acid  is  formed,  whereas  the  others  are 
insoluble.  This  treatment,  however,  converts  a  part  of  the 
amylenes  into  condensation-products,  called  dxamyle^ie  and  tri- 
mnykne.  The  other  method  of  separation  depends  upon  the 
difierent  velocities  with  which  the  isomeric  amylenes  form  addi- 
tion-products with  hydriodic  acid. 

The  Vature  of  the  Double  Carbon  Bond. 

127.  In  the  foregoing,  the  presence  of  a  double  carbon  bond 
in  the  alkylenes  has  been  arbitrarily  assumed,  although  the  linkage 
in  unsaturated  compounds  can  be  represented  in  a  variety  of  ways, 
which  may  be  summarized  as  follows : 

1.  Existence  of  divalent  or  trivalent  carbon  atoms : 

II  III        III 

CH,— C— CH, ,      .  CH  — CH— CH,. 

2.  Existence  of  free  bonds,  for  which  there  are  two  possibilities: 

a.  Free  bonds  only  on  one  carbon  atom: 
CH,— C— CH,. 

}.  Free  bonds  on  different  carbon  atoms: 
CH,— CH— CEL. 

3.    Existence  of  double  carbon  bond  : 

CH,— CH=CH,. 

^-    Existence  of  a  closed  chain  : 

CH— CH,. 


CII, 

\X  was  stated  in  123  that  unsaturated  compounds  are  con- 
^^ttiWe  into  saturated  compounds  by  addition  of  atoms  or  groups. 
flie  constitution  of  these  addition-products,  on  the  one  hand,  and 
(he  method  of  formation  of  the  unsaturated  products  obtained  by 
the  splitting  off  of  a  haloid  acid,  etc.,  from  the  saturated  com- 
pounds, on  the  other,  allow  a  decision  to  be  arrived  at  between 
these  four  possibilities. 
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It  should  be  observed  that  the  addition-product  is  the  same, 
whether  the  existence  of  a  divalent  carbon  atom,  or  of  two  free 
bonds   on   the   same  carbon  atom,   be   assumed.     For  example, 

II 
whether  propylene  be  supposed  to  have  the  constitution  CH,  •  C  •  CH, 

or   CHj.C-CH,,  the  addition   of   bromine   produces    the    same 

substauce,  CH,  •  CBr,  •  CH,.  Similarly,  the  assumption  of  trivalent 
carbon  atoms,  or  of  free  bonds  on  different  carbon  atoms,  leads  to 

m      ni 
the  same  result;  thus  CHj-CH,  with  two  trivalent  carbon  atoms, 

and  CHj.CHj,  with  free  bonds,  must  yield  the  same  addition- 
product  with  bromine,  CH^Br-CH^Br.  It  follows  that  for  the 
present  it  is  unnecessary  to  treat  cases  1  and  2  separately. 

It  is  easy  to  show  that  addition  does  not  take  place  at  one 
carbon  atom  alone  of  unsaturated  compounds;  for  if  this  were 
so,  ethylene  chloride,  C,H^C1,,  would  have  the  constitution 
CHj.CHCl,,  and  ethylene  itself,  CH,.CH.  Ethylene  chloride 
would  then  be  identical  with  the  product  obtained  by  the  action 
of  phosphorus  pentachloride  upon  aldehyde,  CHj-CHO,  since  the 
exchange  of  the  oxygen  atom  in  the  latter  for  two  chlorine  atoms 
yields  a  compound  of  the  formula  CHjCHCl,.  But  ethylene 
chloride  is  different  from  the  compound  C,H^C1,  {ethylidene 
chloride)  obtained  from  aldehyde.  Similarly,  propylene  chloride, 
CjHgCl, ,  obtained  by  the  addition  of  chlorine  to  propylene,  is  not 
identical  with  the  reaction-product  obtained  by  treating  acetone 
with  phosphorus  pentachloride,  CH,.CCl,-CHj  (chloroacelone),  nor 
with  that  from  propionaldehyde,  CHjCHj^CHCl,  {propylidene 
chloride).     Ethylene   therefore   cannot   have  either   the   formula 

II  n 

CH,-CH    or    CHj.CH,    nor    propylene    any    of     the    formula» 

CH,.C.CH,,  CHj.CH^.CH,  CH^-C-CH,,  or  CH,.CH,.(k. 

A  further  insight  into  the  structure  of  the  unsaturated  com- 
pounds is  derived  from  a  consideration  of  the  following  facts. 
Propylene  is  obtained  by  the  elimination  of  HI  from  w-propyl 
iodide,  CHj-CHj-CHjI.  The  same  compound  is  obtained  by  the 
removal  of  HI  from  isopropyl  iodide,  CH,  •  CHI  •  CH,.  Hence,  it  fol- 
lows that  propylene  cannot  have  either  the  formula  CH,.CH,«CH, 
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CH,— CH, 
or    \     /      ,   and  therefore    the    remaining    possibilities    are 


III     m 
CH,.CH.CH,,  CH,.CH.CH,,  and  CH,.CH  :  CH,. 

Isohutyleney  C^Hg,  is  similarly  obtained  by  the  elimination  of 

HI  from  both  isohutyl  iodide,  (CH,),C|H]CHJT|  ,  and  trimethyh 

carbinol  iodide,  (CH,),C|I|-CHJH|.     Thus,  isobutylene  can  only 

in  m 
have   one    of    the    formulae    (CH,),C.CH,,    (CH,),C.CH,,    and 

{CH,),C  :  CH,.     These  two  examples  show  that  the  removal  of 

haloid  add  from  an  alkyl  halide  takes  place  in  such  a  way  that  the 

halogefi  atom  and  the  hydrogen  atom  respectively  split  off  from  two 

carbon  atoms  which  are  directly  linked  to  each  other. 

The  following  examples  will  serve  to  further  illustrate  this  gen- 

CH 
eral  rule.     If  HI  be  removed  from  pentyl  iodide,  n  jf  >  CH  •  CH,I, 

3      6 

the  amylensy  Cfi^^,  thus  formed  should,  in  accordance  with  the 

CH 
rule,  have  the  constitution  in,  x^  >  C  •  CH,.     This  is  in  fact  the 

case,   because   the   addition-product  obtained  by  the  action  of 

hydriodic  acid  on  this  amylene  is  not  the  original  pentyl  iodide, 

L  CH 

hut  one  with   the  formula   p^>CI-CH,;   this  is  proved   by 

replacement  of  I  by  OH,  and  comparison  of  the  tertiary  alcohol 
thus  obtained  with  that  having  the  same  formula  -prepared  in 
accordance  with  the  method  of  synthesis  described  in  111. 

The  constitution  of  another  pentyl  iodide,  (CH3),CH  •  CH, .  CH,I, 
T^hich  yields  C^Hj^  on  elimination  of  HI,  may  be  similarly  estab- 
^ed»  This  amylene  yields  with  HI  another  pentyl  iodide, 
f^Si),CH-CHI-CH,,  the  constitution  of  which  is  proved  by  its 
conversion  into  an  alcohol  which  yields  a  ketone  on  oxidation,  and 
IB  therefore  a  secondary  alcohol. 

BuTLEBOW  has  shown  .that  the  splittiDg  off  of  a  haloid  acid  cannot 
take  place  when  the  halogen  atom  and  hydrogen  atom  are  not  linked 
to  carbon  atoms  in  juxtaposition  to  one  another.  He  started  from 
isobutylene,  (CH,)aC  :  CH» ,  which  yields,  by  addition  of  two  bromine 
atoms,  (CHt)sCBr*CHsBr.  Elimination  of  HBr  from  this  dibromide 
produces  (CH,)fC :  CHBr,  the  constitution  of  which  follows  from  its 
conversion  into  acetone  by  oxidation: 

(CH,),0|:CHBr  -♦  (CH,),00. 
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It  has  not  been  found  possible  to  again  split  off  HBr  from  the  compound 
(CH,),C :  CHBr,  monobromobutyüfie^  in  which  there  is  no  hydrogen 
linked  to  the  carbon  atom  directly  connected  to  the  CHBr-group. 

128.  It  is  seen  from  the  foregoing  that  only  three  possible 
constitutional  formulaa  remain  for  the  unsaturated  hydrocarbons. 

1.  Two  free  bonds  on  two  carbon  atoms  directly  linked  to  one 

another:  R.CH.OH.R^ 
I        I 

2.  Trivalent  carbon  atoms   directly  linked   to   one   another: 
ni     in 

B-CHCHR'. 

3.  A  double  bond  between  two  carbon  atoms :  R«  CH  :  CH  •  R'. 
The  preference  is  given  to  the  formula  with  the  double  bond 

for  the  following  reasons.  In  the  first  place,  it  would  be  remark- 
able if  free  bonds  or  trivalent  carbon  atoms  could  only  occur  in 
juxtaposition  to  one  another,  that  is,  if  carbon  atoms  which  are 
not  directly  linked  together  could  not  have  free  bonds,  or  be 
trivalent.  Second,  experience  has  shown  that  unsaturated  com- 
pounds containing  an  uneven  number  of  free  bonds  or  trivalent 
carbon  atoms  do  not  exist.  Next  to  the  saturated  hydrocarbons 
C^H^^j,  come  in  order  of  the  number  of  their  hydrogen  atoms, 
CnHjn,  C„H,„_,,  etc.  Hydrocarbons,  C„H,„^.j,  C^Hjn.j,  etc., 
in  which  one  or  three  free  bonds,  or  trivalent  carbon  atoms,  could 
be  supposed  to  be  present,  do  not  exist,  all  attempts  to  isolate 
methyl  CH,,  ethyl  C^Hg,  etc.,  haying  totaUy  failed.  Thus  no 
support  is  to  be  found  here  for  the  assumption  of  either  free  bonds 
or  of  trivalent  carbon  atoms.  On  the  other  hand,  both  facts 
admit  of  a  perfectly  natural  explanation  when  the  existence  of  a 
double  linking  is  assumed,  since  in  this  case  the  elimination  of 
haloid  acid  must  take  place  from  the  carbon  atoms  directly  linked 
to  one  another,  and  compounds  such  as  CnH,„  ^ ,  could  not  occur. 
The  assumption  of  the  double  bond  is  therefore  the  only  one 
capable  of  giving  expression  to  the  observed  facts. 

The  non-existence  of  free  bonds  in  the  unsaturated  hydro- 
carbons has  led  by  analogy  to  the  conclusion  that  they  are  also 
absent  from  other  compounds  containing  atoms  doubly  linked, 
trebly  linked,  etc.,  such  as  nitrogen  in  the  nitriles,  oxygen  in  the 
ketones,  etc. 

129.  The  assumption  of  the  existence  of  multiple  bonds 
presents  at  first  sight,  however,  certain  difficulties  when  the  power 
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ot  forming  addition-prodacts  possessed  by  all  snch  compounds  is 

considered.     It  has  been  stated  seyeral  times  that  carbon  bonds 

are  only  broken  with  difficulty  (40),  but  in  this  ease  the  double 

carbon  bond  is  very  easily  converted  into  a  single  one  by  formation 

of  an  addition-product.     It  is  still  more  remarkable  that  when  a 

substance  containing  a  double  bond  in  its  carbon  chain  is  oxidized, 

the  chain  should  always  be  broken  at  the  position  of  the  double 

bond.     A  satisfactory  explanation  of  this  is  afforded  by  the  fact 

that  in  many  cases  in  which  substances  containing  a  double  carbon 

bond  are  oxidized,  it  is  possible  to  show  that  the  breaking  of  the 

carbon  chain  at  the  point  where  the  double  bond  is  present,  does 

not  occur  directly,  but  that  an  addition- product  is  first  formed  by 

the  taking  up  of  two  OH-groups,  it  being  often  jK>sslble  to  isolate 

this  product: 


\CH     .  \CHOH 

^HOH* 


[[        becomes         l 
,CH  ,CI 


Since  oxidation  takes  place — in  accordance  with  the  general 
™^e  in  49— at  a  point  where  it  has  already  begun,  it  follows  that 
in  this  case  further  oxidation  must  result  in  a  breaking  of  the 
carbon  chain  at  the  point  where  the  double  bond  originally  existed. 
Thus,  the  breaking  of  the  unsaturated  chain  by  oxidation  depends 
on  the  formation  of  an  intermediate  addition-product,  and  it  is 
therefore  only  necessary  to  find  an  explanation  for  the  ease  with 
which  this  is  effected.  This  can  be  best  arriyed  at  by  a  considera- 
tion of  the  nature  of  the  bonds  between  the  atoms.  An  affinity 
or  bond  may  be  looked  upon  as  an  attraction  exercised  by  one 
atom  upon  another.  Should  an  atom  possess  more  than  one 
affinity,  it  is  assumed  that  the  attraction  is  exercised  in  more 
than  one  direction,  and  is  concentrated  at  certain  points  of  its 
surface,  somewhat  after  the  manner  in  which  the  attraction  exer- 
cised by  a  magnet  is  concentrated  at  its  two  poles.  Any  other 
assumption,  such  as  that  the  attracting  force  is  equally  distributed 
over  the  whole  surface  of  an  atom,  would  make  it  difficult  to 
understand  why  each  element  should  have  a  determinate  valency. 
If  the  carbon  atom  is  tetravalent,  there  must  be  on  its  surface  four 
such  points  or  "poles,''  situated  at  the  angles  of  a  regular  tetra- 
hedron (63).    In  the  case  of  a  single  bond  between  two  such  poles 
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on  different  carbon  atoms,  their  mutual  attraction  would  cause 
them  to  approach  one  another  as  closely  as  possible. 

Baeteb  has  put  forward  the  supposition  that  these  poles  on 
the  surface  of  carbon  atoms  are  moyable.  Such  a  movement 
results,  however,  in  a  certain  *' tension,"  which  tends  to  bring 
back  the  poles  to  their  original  position.  For  example,  when  a 
single  bond  between  two  carbon  atoms  is  converted  into  a  double 
one,  the  directions  of  the  affinities  of  each  of  the  two  carbon 
atoms  must  undergo  an  appreciable  alteration: 

— C C—        becomes        — C C— 


The  tension  resulting  from  this  is  therefore  a  cause  of  the  ease 
with  which  double  bonds  can  be  broken.  We  shall  see  later  that 
Baeyer's  tension  theory  also  affords  an  explanation  of  other  im- 
portant phenomena  (262). 

It  is  seen  from  the  foregoing  that  the  double  bond  must  not  be 
regarded  as  a  mere  doubling  of  the  single  one,  as  the  expression 
**  double  bond  "  would  indicate. 

II.   POLTMETHTLEHE  C0KF0ÜHD8,  CnH,„. 

130.  Isomeric  with  the  defines  is  a  series  of  compounds, 
CnH,n ,  chiefly  distinguished  from  the  former  by  the  absence  of,  or 
at  least  a  diminution  in,  the  power  of  forming  addition-products. 
Most  of  these  compounds  are  very  stable;  thus  pentamethylene, 
CjH,^,,  bears  a  strong  resemblance  to  n-pentane,  C^H,,.  It 
will  be  seen  later  (260-262)  that  the  methods  for  the  formation 
of  these  compounds  necessitate  the  assumption  of  a  closed 
carbon  chain  in  the  molecule. 

III.   HTDB0CABB0H8,  C^Hsn.,. 

131.  A  variety  of  structures  is  possible  for  these  compounds, 
which  contain  four  hydrogen  atoms  less  than  the  corresponding 
paraffins.  Thus,  hydrocarbons  containing  two  double  bonds  have 
the  general  formula  C„II,n_j,  for  example, 

CH,:CH.CH:CH,. 

Vinylethylene 
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Further,  substances  containing  a  triple  bond  have  also  the  same 
empirical  composition,  for  example, 

CH,.CsCH. 

Allylene 

The  reasons  for  the  assumption  of  a  triple  linking  in  these 
compounds  are  identical  with  those  which  led  to  the  assumption 
of  the  double  bond  in  the  defines  (128). 

A.   HYDBOCABBONS   WITH   TRIPLE   B02TD8. 

Nomenclature. 

132.  The  first  member,  C,H,,  is  called  acetyletie;  the  second, 
C,H^,  allylene;  the  higher  members  are  generally  regarded  as 
substituted  aèetylenes;  thus  C^H^  is  called  eihylacetylene,  C^Hj^ 
hiiylacetyleney  etc. 

Methods  of  Formation. 

1.  By  the  dry  distillation  of  complex  compounds;  hence  the 
occurrence  of  acetylene  in  coal-gas. 

2.  By  the  withdrawal  of  two  molecules  of  haloid  acid  from 
compounds  of  the  formula  CnH,nX,,  where  X  represents  the 
halogen  atom,  these  compounds  being  formed  by  the  addition  of 
halogen  to  alkylenes: 

CH,Br— CH,Br  -  2HBr  =  CHsCH. 

Ethylene  bromide  Acetylene 

This  is  effected  by  heating  with  alcoholic  potash. 

A  general  method  for  the  preparation  of  unsaturated  com- 
pounds is  furnished  by  this  method  of  adding  on  halogen,  followed 
by  the  removal  of  haloid  acid.  For  example,  starting  with 
C'aHjn^j,  CaH^^jX  is  obtained  by  the  action  of  chlorine  or 
bromine.  Heating  with  alcoholic  potash  converts  this  into  C„Hj„ , 
from  which  C„H,nBr,  is  obtained  by  the  action  of  bromine,  and  is 
converted  into  CnH,n_,  by  abstraction  of  2HBr.  This  compound 
can  again  form  an  addition-product  with  bromine,  and  so  on. 

3.  By  the  abstraction  of  2HX  from  compounds  of  the  formula 
CnHjnX,,  formed  by  the  action  of  phosphorus  pentahalide  upon 
aldehydes  or  ketones : 

CH,.CHC1,  -  2HC1  =  CHsCH. 

Ethy  lidene  chloride  Acetylene 

CH,.CC1,.CH.-2HC1  =  CH.CsCH. 

Cliloroacetone  Allylene 
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It  might  be  anticipated  that  in  this  case  the  splitting  off  of  haloid 
acid  also  takes  place  as  indicated  in  the  second  method,  with  the  pro- 
duction of  two  double  bonds  : 

CH..0C1,.CH.  -  aHCl  =  OH.=C=OH., 
or 

CH..CHBr.CHBr.CH.  -  2HBr  =  OH.=CH.CH=CH.. 

Experience  has  shown  that  this  is  not  the  case.  The  fonnula  of  the 
resulting  product  may  be  determined,  for  example,  by  a  study  of  its 
bromine  addition-products,  and  also  from  the  reactions  characteristic 
of  compounds  containing  the  group  bOH  (see  below). 

Some  of  the  hydrocarbons  prepared  by  the  foregoing  methods 
exhibit  a  peculiar  behaviour  towards  an  ammoniacal  solution  of 
cuprous  chloride  or  of  a  silver  salt,  which  affords  a  ready  means  of 
recognizing  them.  By  replacement  of  hydrogen,  they  yield 
metallic  derivatives,  insoluble  in  the  ammoniacal  solution  or  in 
water,  which  separate  out  as  a  voluminous  precipitate.  These 
compounds  are  explosive,  the  copper  yellow  or  red,  and  the  silver 
white.  Acetylene  yields  these  metallic  compounds,  and  of  its 
higher  homologues,  those  derived  from  the  dihalogen  compounds 
of  the  aldehydes  also  give  them.  Their  method  of  formation 
shows  that  these  homologues  contain  the  group  =CH : 

C„H,,  + , .  CH, .  OHO  -*  C„H,„  ^ , .  CH, .  CHCl,  -  CH.,  ^ , .  CsCH. 

From  this  it  may  be  concluded  that  the  group  =GH  nvust  be 
present  in  the  hydrocarbons  which  yield  metallic  derivatives;  it  is 
the  hydrogen  of  this  group  which  is  replaced  by  metals.  In 
support  of  this  view  is  the  fact  that  only  the  dichloro-derivatives 
of  the  methylketones  (110)  can  be  transformed  into  hydrocarbons 
yielding  metallic  compounds: 

CnH,„,,.CO.CH,-.C„H,,,,.CCl..CH,-CH,,^,.C=CH; 

Yields  meteUio  derivaUv«s. 

C,H, .  CO .  C,H,  —  C,H. .  CCl. .  CH,  •  CH,  —  C,H,  •  CsC  •  CH,. 

Does  not  y^ield  metalUc 

derivatives. 

• 

The  isomeric  hydrocarbons  containing  two  double  bonds  (134) 
are  also  incapable  of  forming  metallic  compounds. 

The  hydrocarbons  are  readily  prepared  in  the  free  state  from 
their  metallic  derivatives  by  the  action  of  dilute  hydrochloric  acid. 
This  affords  a   means   of  isolating  the   members  of  the  series 
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CaH,n_,,  which  yield  such  derivatives,  from  mixtures,  and  of 
obtaining  them  in  the  pure  state. 

The  hydrocarbons  of  this  series  can  add  on  four  halogen  atoms 
or  two  molecules  of  a  haloid  acid.  In  presence  of  merci^ry  salts 
they  can  take  up  water,  forming  aldehydes  or  ketones: 

CHsCH  +  H,0  =  CH,.CHO. 
CH,.CsCH  +  H,0  =  CH,.OO.CH,. 

In  this  reaction,  mercury  compounds  are  first  formed  by  addi- 
tion; thus,  when  allylene,  C,H^,  is  passed  into  a  solution  of 
mercuric  chloride,  HgCl,,  a  precipitate  of  the  composition 
3HgCl,3HgO«2C,H^  is  first  formed,  and  is  converted  into  acetone 
by  the  action  of  hydrochloric  acid. 

The  hydrocarbons  of  the  acetylene  series  also  possess  the  power 
of  yielding  condensation-products.  This  sometimes  takes  place 
between  three  molecules;  thus,  acetylene,  C,H,,  condenses  to 
benzene,  C,H,;  dimethylacetylene,  C^H,,  to  hexamethylbenzene, 
C„H„,  etc.  The  action  of  heat  on  acetylene,  and  of  sulphuric 
acid  on  its  homologues,  effects  this  transformation. 

A  remarkable  reaction,  resulting  in  a  change  in  the  position  of 
the  triple  bond,  takes  place  when  the  hydrocarbons  of  the  series 
CnHjn-,  containing  the  group  sCH  are  heated  to  a  high  tempera- 
ture in  a  sealed  tube  with  alcoholic  potash : 

C,Hj.CH,.CsCH  is  converted  into  C^Hj-CsCCH,. 

Propylacatylene  Ethylmethylacetjlene 

It  is  probable  that  in  this  reaction  an  addition-product  is  first 
formed  at  one  part  of  the  molecule,  followed  by  a  splitting  off  from 
another  part.  That  the  displacement  of  the  triple  linking  does 
take  place  in  the  example  given  above,  is  proved  by  the  fact  that 
although  propylacetylene  yields  metallic  derivatives,  the  substance 
obtained  by  heating  it  with  alcoholic  potash  does  not,  but  is  con- 
verted by  oxidation  into  propionic  and  acetic  acids.  This  deter- 
mines the  position  of  the  triple  bond,  since,  for  reasons  similar  to 
those  which  apply  to  the  double  bond  (129),  the  carbon  chain  is 
broken  by  oxidation  at  the  point  occupied  by  the  multiple  bond. 
The  substance  obtained  must  therefore  have  the  formula  given 
above,  and  be  ethylmethylacetylene. 
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Acetylene,  C,H,. 

133.  Acetylene  is  a  colourless  gas  of  disagreeable  odonr,  is 
somewhat  soluble  in  water^  and  condenses  at  18°  and  83  atmos- 
pheres to  a  liquid  boiling  at  —  82-4°.  It  can  be  synthesized  from 
its  elements  by  means  of  an  electric  arc  between  carbon  poles  in 
an  atmosphere  of  hydrogen,  a  small  quantity  of  methane,  and 
a  trace  of  ethane,  being  simultaneously  formed.  Its  presence  can 
be  detected  by  means  of  an  ammouiacal  solution  of  cuprous 
chloride,  which  yields  a  red  precipitate  of  copper  acetylene  even 
when  traces  of  acetylene  are  mixed  with  other  gases.  Acetylene 
is  also  obtained  as  a  product  of  the  incomplete  combustion  of  many 
organic  substances.  It  is  prepared  on  the  large  scale  by  the  action 
of  water  on  calcium  carbide,  or  calcium  acetylene,  CaC,: 

CaC,  +  2H,0  =  Ca(OH),  +  C,H,. 

The  reaction  is  somewhat  violent,  and  is  attended  with  evolution 
of  considerable  heat.  Calcium  carbide  is  prepared  by  heating 
carbon  with  quicklime,  CaO,  in  an  electric  furnace.  The  calcium 
liberated  by  the  action  of  the  carbon  on  the  quicklime  enters  into 
combination  with  the  excess  of  carbon,  under  the  influence  of  the 
high  temperature,  and  forms  calcium  carbide,  which  is  white  when 
perfectly  pure,  but  has  usually  a  dark  reddish-brown  colour,  due 
to  the  presence  of  small  quantities  of  iron. 

Acetylene  can  be  prepared  at  a  moderate  cost  by  this  method,  and 
attempts  have  been  made  to  use  it  for  lighting  purposes,  as  a  stream 
of  the  gas,  passed  through  a  fine  opening,  burns  with  an  intensely 
luminous  flame.'  Up  to  the  present,  these  attempts  have  been  attended 
by  diflSculties,  partly  owing  to  the  cost  of  production,  but  more  to  the 
nature  of  acetylene  itself.  It  forms  explosive  copper  acetylene  with 
the  copper  of  the  gas-fittings;  a  mixture  with  air  explodes  with 
extreme  violence,,  and  is  much  more  dangerous  than  a  mixture  of 
ordinary  coal-gas  and  air.  This  is  due  to  the  fact,  that  much  heat 
is  taken  up  in  the  formation  of  acetylene,  this  compound  being  strongly 
endothermic  (**  Inorganic  Chemistry,"  97).  In  addition  to  this,  the 
limits  of  explosion  are  much  wider  than  for  any  other  gas,  an  explo- 
sive mixture  being  formed  with  air  by  the  admixture  of  8-82j(  of 
acetylene,  while  in  the  case  of  coalrgas  the  limits  are  only  5-28^. 
The  velocity  of  propagation  of  combustion  is  also  much  greater  in  the 
case  of  acetylene,  and  this  augments  considerably  the  force  of  the 
explosion. 
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Acetylene  prepared  from  calcium  carbide  sometimes  contains 
small  quantities  of  sulphuretted  hydrogen  and  phosphoretted  hydro- 
gen, to  which  it  owes  its  disagreeable  smell.  It  can  be  freed  from  the 
former  by  a  solution  of  caustic  alkali,  and  from  the  latter  by  a  solu- 
tion of  corrosive  sublimate  in  hydrochloric  acid  The  removal  of 
phosphoretted  hydrogen  is  of  special  importance,  since  its  presence 
may  lead  to  the  spontaneous  ignition  of  the  gas. 

By  the  direct  hydrogenation  of  acetylene  in  presence  of  reduced 
nickel  (29  and  126),  Sabatieb  and  Sendebens  have  obtained  liquid  mix- 
tures of  hydrocarbons  which  can  be  made  to  correspond  either  with 
American  or  Caucasian  petroleum  by  varying  the  conditions  of  the 
experiment.  To  account  for  the  formation  of  petroleum,  they  assume 
that  there  are  in  the  interior  of  the  earth  free  alkali-metals  and 
metallic  carbides,  which  in  contact  with  water  give  rise  to  mixtures  of 
hydrogen  and  hydrocarbons.  These  gases  encounter  finely-divided 
nickel,  cobalt,  or  iron,  and  thus  yield  the  mixtures  of  hydrocarbons 
constituting  natural  petroleum  (84). 

B.     HYDROCARBONS   WITH  TWO   DOUBLE   BONDS. 

1S4.  Hydrocarbons  with  two  double  bonds  have  been  compara- 
tively little  investigated.  AUene  is  obtained  from  tribromopropane, 
CHaBr.CHBr-CH,Br,  by  removal  of  HBr  by  means  of  potash,  and 
subsequent  treatment  of  the  dibromo-compound  thus  formed  with 
sine-dust,  which  removes  the  two  remaining  bromine  atoms  (126) : 

OH,BrCHBr.OH,Br  -►  OH,:CBr.CH,Br  -►  CH,:C:CH,. 
Tribromopropane  Dlbromopropyleoe  AUene 

Its  constitution  follows  from  this  method  of  preparation.  It  is  a 
colourless  gas,  and  unlike  the  isomeric  allylene,  OHt*  CbCH,  does  not 
yield  metallic  derivatives  (182). 

Diallyl,  CH,:CH.CH,CH,.CH:CH,,  is  obtained  by  the  action 
of  sodium  upon  allyl  iodide,  CHaiCH-CHal  (186),  from  which  it 
follows  that  it  has  the  constitution  indicated  by  the  above  formula. 

A  hydrocarbon  of  this  series  of  theoretical  importance  is  isoprenCy 
CiHs.  It  is  obtained  by  the  dry  distillation  of  caoutchouc,  and  is  a 
liquid  boiling  at  87^.  By  the  union  of  two  or  more  molecules,  it 
passes  into  terpeues,  doHif,  OnHsé,  etc.  It  is  converted  by  con- 
centrated hydrochloric  acid  into  a  substance  strongly  resembling 
caoutchouc,  perhaps  identical  with  it.     Isoprene  is  proved  to  have  the 

constitution  ^g'^CCH=CHa,  by  the  addition  of  2HBr,  which 
yields  a  dibromide,  ^2|>CBr— CH,— CH,Br,  identical  with  that  ob- 
tained from  dimethylallene,  q2|>C=C=0H>. 


8UB8TITUTI0H-PR0DUCT8  OF  TEB  TOSATUSATS]) 
HTDR0CABB0H8. 


I.   WSATÜBATED  HALOOBV  CN)][P0ÜVD6. 

136.  Since  the  saturated  hydrocarbons  themselves  do  not 
possess  any  salient  characteristics^  the  properties  of  their  com- 
pounds depend  upon  the  nature  of  the  substituting  elements  or 
groups.  Hitherto  we  have  only  considered  compounds  whose 
properties  are  due  to  the  presence  in  the  molecule  of  a  single 
group,  hydroxyl,  carboxyl,  a  multiple  carbon  bond,  etc.  We  have 
now  to  describe  substances  containing  more  than  one  characteristic 
group  in  the  molecule. 

When  these  groups  are  present  simultaneously  in  the  same 
molecule,  they  generally  exercise  a  modifying  influence  upon  one 
another.  The  extent  of  this  influence  varies  considerably,  as  will 
be  seen  from  a  consideration  of  the  different  classes  of  unsaturated 
halogen  compounds. 

Halogen  derivatives  of  the  type  CnH^_jX  are  obtained  by  the 
addition  of  halogen  to  the  hydrocarbons  C„H,n9  and  subsequent 
abstraction  of  one  molecule  of  haloid  acid : 

CH,=CH,  +  Br,  =  CH,Br— CH,Br. 
CH,Br— CH,Br  -  HBr  =  CH,=CHBr. 

Ethylene  bromide  Vinyl  bromide 

They  are  also  formed  by  removal  of  one  molecule  of  haloid  acid 
from  compounds  containing  two  halogen  atoms  linked  to  the  same 
carbon  atom: 

CH,.CH,.CHC1,  -  HCl  =  CH,.CH=CHC1- 

Propylldene  chloride  a-Cbloropropylene 


CH,.CC1,.CH,  -  HCl  =  CH,=CC1— CH,. 

Chloroacetone  /S-Chloropropylene 


Ï56 
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The  methods  by  which  these  compounds  are  obtained  indicate 
that  the  halogen  atom  jn  them  is  linked  to  a  carbon  atom  having 
a  double  bond.  Their  properties  differ  widely  from  those  of  com- 
poands,  such  as  the  alkyl  halides,  in  which  the  halogen  atom  is 
linked  to  a  carbon  atom  having  only  single  bonds;  and  this  rule  is 
genersDy  applicable  to  compounds  of  this  kind.  The  halogen 
atom  of  the  alkyl  halides  is  especially  suited  for  taking  part  in 
double  decompositions,  being  replaceable  by  hydroxyl,  an  alkoxyl- 
group,  an  acid-residue,  the  amido-group,  etc. 

This  aptittide  for  double  decomposition  is  almost  wholly  wanting 
in  compounds  whose  halogen  atom  is  linked  to  a  carbon  atom  with  a 
dotible  bond.  Alkalis  do  not  convert  them  into  alcohols,  nor 
alkoxides  into  ethers;  but  invariably,  when  a  reaction  does  take 
place,  a  haloid  acid  is  split  off,  with  formation  of  hydrocarbons 
of  the  series  CnH,n_,. 

An  isomer  of  cr-  and  /S-chloropropglene,  which  have  been 
referred  to  above,  is  called  allyl  chloride.  The  halogen  atom  in 
this  compound  takes  part  in  double  decompositions  as  easily  as 
that  in  an  alkyl  chloride.  AUyl  chloride  is  obtained  by  the  action 
of  phosphorus  pentaohloride  upon  allyl  alcohol,  which  can  be 
prepared' by  a  method  to  be  described  later  (168).  This  alcohol 
yields  n-propyl  alcohol  by  addition  of  hydrogen,  and  its  hydroxyl- 
group  must  therefore  be  at  the  ei)d  of  the  carbon  chain.  Hence, 
the  halogen  atom  in  allyl  chloride  must  also  be  attached  to 
the  end  of  the  chain,  since  it  takes  the  place  of  the  hydroxyl- 
group.  Given  the  constitutions  of  a-  and  /^-propylene  chloride, 
which  are  deduced  from  that  of  propionaldehyde  and  acetone,  the 
allyl  halides  can  only  have  the  constitutional  formula 

CH,=CH.CH,X. 

Here  the  halogen  atom  is  attached  to  a  singly-linked  carbon  atom, 
and  retains  its  normal  character  in  spite  of  the  presence  of  a 
double  bond  in  the  molecule. 

This  dependence  of  the  character  of  a  halogen  atom  on  its 
position  in  the  molecule  of  an  unsaturated  compound  affords  a 
means  of  determining  whether  it  is  attached  to  a  singly-linked  or 
doubly-linked  carbon  atom,  by  ascertaining  whether  it  does  or 
does  not  possess  the  power  to  take  part  in  double  decompositions. 

The  following  are  examples  of  individual  members  of  the  series. 


158  ORGANIC  CHEMISTRY. 

Vinyl  chloride  CH,:  CHCl  is  a  gas,  vinyl  bromide  CH,:  CHBr  a 
liquid  of  ethereal  odour.  Both  these  compounds  polymerize 
readily. 

Allyl  chloride^  cUlyl  broinide,  and  allyl  iodide,  boil  respectively 
at  46°,  70°,  and  103°.  They  are  often  used  in  syntheses  for  the 
introduction  of  an  unsaturated  group  into  a  compound.  They 
have  a  characteristic  odour  resembling  that  of  mustard. 

The  propargyl  compounds^  CH=C  •  CH^X,  may  be  mentioned 
as  a  type  of  the  series  CnH,n_,X.  Their  constitution  is  inferred 
from  the  fact  that  they  yield  metallic  derivatives,  showing  that 
they  contain  the  group  C=H,  and  also  because  their  halogen 
atom  is  capable  of  taking  part  in  double  decompositions,  and  is 
therefore  attached  to  a  singly-linked  carbon  atom.  They  are 
obtained  from  propargyl  alcohol  (138)  by  the  action  of  phosphorus 
pentahalide,  and  are  liquids  possessing  a  pungent  smell. 

The  compound  OHBr :  0,  hromoacetylidene^  which  is  assumed  by 
Nef  to  coDtain  a  divalent  carbon  atom,  can  be  obtained  from  acetylene 
bromide,  CHBr:  OHBr,  by  treatment  with  alcoholic  potash.  It  is  a 
gas,  taking  fire  spontaneously  in  the  air :  its  solution  in  alcohol  is 
phosphorescent,  owing  to  slow  oxidation,  and  the  gas  Itself  has  an 
odour  very  similar  to  that  of  phosphoros. 

n.   UHBATTTBATEB  ALCOHOLS. 

136.  The  hydroxyl-group  of  the  unsaturated  alcohols  may  be 
attached  to  a  singly-linked  or  doubly-linked  carbon  atom: 

CH, :  CH .  CH,OH,        CH, :  CH  •  OH. 

Allyl  alcohol  Vinyl  alcohol 

Very  few  compounds  of  the  type  of  vinyl  alcohol  are  known.  In 
the  majority  of  cases  in  which  their  formation  might  be  expected, 
their  isomers^e  obtained.  Thus,  when  water  is  abstracted  from 
glycol,  CH^iH\CH,OS|,  there  results,  not  vinyl  alcohol,  CHOH, 

^--^^-^-^        CH,  II 

but  an  isomer,  acetaldehyde,    I     g .  ^^« 

C<o 

When    /?-bromopropylene,    CHj-CBriCHj,    is    heated    with 

water,  there  is  formed  not  /?-hydroxypropylene,  CH,  •  C(OH) :  CH, , 

but  the  isomeric  acetone,  CH,'CO-CH,.     It  has  been  generally 

observed  that  in  cases  in  which  a  grouping  of  the  atoms  in  the 
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form  — CH :  C(OH) —  woald  be  naturally  expected,  a  transforma- 
tion into  — CHj-CO — occurs.  Substances  containing  hydroxyl 
attached  to  a  doubly-linked  carbon  atom  are  therefore  unstcAle, 
that  is,  they  have  a  tendency  to  become  transformed  into  isomers. 
It  will  be  seen  later,  however,  that  compounds  do  exist  in  which 
the  group  — CH:  C(OH)—  is  stable  (240). 

The  following  compounds  either  contain  hydroxyl  attached  to  a 
doubly-linked  carbon  atom,  or  are  related  to  substances  of  this  type. 

Vinyl  alcohol,  CHaiCHOH,  so  called  because  it  contains  the 
vinyl-group,  CH,:OH — ,  probably  occurs  in  ordinary  ethyl  ether 
which  has  stood  for  some  time,  and  thereby  undergone  partial  oxida- 
tion. When  such  ether  is  shaken  up  with  an  alkaline  solution  of  a 
mercury  salt,  a  precipitate  of  the  composition  HgiGUOtOsHa  is 
formed,  which  on  treatment  with  a  haloid  acid  yields  vinyl-com- 
pounds. 

A  vinyl-derivative  of  great  physiological  importance,  called  neu- 

rine,  is  formed  in  the  decay  of  flesh,  and  in  other  fermentation- 

CH  •  CH 
processes.    Its  constitution  is  (GHs)iN<qu  '       ',  as  indiq^ted  by  the 

following  synthesis.  When  trimethylamine  reacts  with  ethylene  bro- 
mide, a  substituted  ammonium  bromide  is  obtained  with  the  for- 
mula (CH,),N<^^''^°'^^.    HBr   is  abstracted    from    the   group 

— CHfCHaBr  by  the  action  of  moist  silver  oxide,  the  bromine  atom 
attached  to  nitrogen  being  replaced  by  hydroxyl  at  the  same  time. 
A  substance  of  the  constitution  indicated  above  is  obtained  from  it, 
and  is  in  all  respects  identical  with  neurine. 


Allyl  Alcohol,  CH, :  CH .  CH,OH. 

137.  Many  unsaturated  alcohols  containing  hydroxyl  attached 
to  a  singly-linked  carbon  atom  are  known.  The  most  important 
of  these  is  allyl  alcohol,  obtained  by  a  method  to  be  described  later 
(158).  Its  constitution  follows  from  that  of  the  chlorine  derivative 
formed  by  the  action  of  phosphorus  pentachloride  (136),  as  well 
as  from  that  of  the  products  obtained  by  oxidation,  by  which  allyl 
alcohol  is  converted  first  into  an  aldehyde,  acrolein,  and  then  into 
acrylic  acid  : 

CH,:  CH.CH,OH  —  CH,  rCHC^^  —  CH,:CH.COOH. 

Allyl  alcohol  Acrolein         ^  Acirlicacid 
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Allyl  alcohol  must  therefore  contain  the  group  — CH,OH,  which 
is  characteristic  of  primary  alcohols. 

Allyl  alcohol  'is  a  liquid  with  an  irritating  odour^  solidifying  at 
—  50°,  and  boiling  at  96  •  5°,  and  is  miscible  with  water  in  all 
proportions.  Its  specific  gravity  at  0°  is  0  •  872.  It  forms  addi- 
tion-products with  the  halogens  and  with  hydrogen,  yielding  with 
the  latter  w-propyl  alcohol. 

Many  other  compounds  containing  the  allyl-group,  OH,:CH-CH, — , 
are  known.  Of  these  dUyl  sulphide  (0Ht:0HCH9)9S,  the  principal 
constituent  of  oil  of  garlic/ may  be  mentioned.  It  is  synthetically 
obtained  by  the  action  of  potassium  sulphide,  KsS,  on  allyl  iodide. 

We  have  seen  that  the  influence  of  the  double  bond  in  the 
unsaturated  halogen  compounds  and  alcohols  is  very  pronounced 
when  it  is  situated  in  the  immediate  neighbourhood  of  halogen  or 
hydroxyl,  but  that  otherwise  it  is  much  less  marked.  The  rule  is 
that  when  two  groups  are  situated  in  immediate  proximity  to  one 
another  in  the  same  molecule^  each  group  exercises  a  strong  influence 
upon  the  properties  of  the  other, 

Propargyl  Alcohol,  CH=C .  CH,OH. 

188.  Propargyl  alcohol  contains  a  triple  bond,  and  is  prepared  in 
the  following  way.  CHaBrCHBr-CH.Br,  tribrombydrin  (158),  is 
converted  by  treatment  with  caustic  potash  into  CHtiCBr-GHsBr. 
When  treated  with  potassium  acetate  and  then  saponified,  this  yields 
CHi  :CBr*CHiOH,  since  only  the  terminal  Br-atom  is  capable  of 
taking  part  in  a  double  decomposition  (186).  When  this  alcohol  is 
again  brought  into  contact  with  caustic  potash,  HBr  is  split  off,  with 
formation  of  propargyl  alcohol,  the  constitution  of  which  is  indicated 
by  this  method  of  formation,  and  also  by  its  properties.  The  presence 
of  the  group  BiCIi  is  shown  by  the  formation  of  metallic  derivatives, 
and  that  it  is  a  primary  alcohol  is  proved  by  the  fact  that  on  oxida- 
tion it  yields  propiolic  acidy  CHsC-COOH,  an  acid  containing  the 
same  number  of  carbon  atoms. 

Propargyl  alcohol  is  a  liquid  of  agreeable  odour,  soluble  in  water, 
and  boiling  at  lU'-llS**  ;  its  specific  gravity  at  21"  is  0'963.  Its 
metallic  derivatives  are  explosive. 


K0H0BA8IC  UH8ATURATBD  ACIDS. 


L  A0ID8  OF  THE  OLEIC  8EBIX8,  CnH,n-«Os. 

1S9.  The  acids  of  the  oleic  series  may  be  obtained  from  the 
saturated  acids  0^11^0,  by  the  general  methods  for  converting 
saturated  into  unsaturated  compounds. 

1.  Substitution  of  one  hydrogen  atom  in  the  alkyl-group  of  a 
saturated  acid  by  a  halogen  atom^  and  subsequent  abstraction  of 
haloid  acid  by  heating  with  alcoholic  potash. 

2.  Removal  of  the  elements  of  water  from  the  monohydroxy- 
acids: 

CH,.CHOH.CH,.COOH  -  H,0  =  CH,.CH:CH.COOH. 

^-Hydrozybutyrlo  Add  Crotonlcacld 

The  acids  of  this  series  can  also  be  prepared  from  unsaturated 
compounds  by 

3.  Oxidation  of  the  unsaturated  alcohols  and  aldehydes. 

4.  The  action  of  potassium  cyanide  on  unsaturated  halogen 
compounds,  such  as  allyl  iodide,  and  hydrolysis  of  the  resulting 
nitrile. 


Homenolature. 

140.  The  majority  of  the  acids  of  the  oleic  series  are  named 
after  the  substances  from  which  they  were  first  obtained,  but  a  few 
of  the  middle  members  have  names  indicating  the  number  of 
carbon  atoms  in  the  molecule.  The  first  member,  CH, :  CH  •  COOH, 
is  called  acrylic  acid;  others  are  C^H^O,  crotonic  acid^  C^HgO, 
angelic  and  tiglic  acids^  C^H^^O,  undecylenio  acid^  C^Jd^  oleic 
acid,  CjjH^O,  erticic  acid,  etc. 

i6z 
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General  Properties. 

141.  Like  all  compounds  containing  a  double  bond,  the  acids 
of  this  series  possess  the  power  of  forming  addition-products. 
They  are  "stronger*'  acids  than  the  corresponding  fatty  acids 
containing  the  same  number  of  carbon  atoms  in  the  molecule; 
thus,  the  value  of  the  constant  K  (93)  for  propionic  acid  C,H^O, 
is  0- 00134,  for  acrylic  acid  C,H^O,  00056,  for  butyric  acid 
C.HgO,  0- 00149,  for  crotonic  acid  C,H,0,  0-00204,  etc.  The 
double  bond  causes  the  acids  of  the  oleic  series  to  be  much  more 
readily  attacked  by  oxidizing-agents  than  those  of  the  fatty  series 
(129).  The  former  are  converted  by  energetic  oxidation  into  two 
saturated  acids,  but  when  the  reaction  is  restrained  by  using  a 
dilute  solution  of  potassium  permanganate,  a  dihydroxy-acid  con- 
taining the  group  — CHOH  •  CHOH —  is  formed  as  an  intermediate 
product,  and  on  further  oxidation  is  split  up  at  the  bond  between 
these  two  carbon  atoms  (129).  This  affords  a  means  of  deter- 
mining the  position  of  the  double  bond  in  the  molecule.  A 
breaking-up  of  the  molecule  with  formation  of  saturated  fatty  acids 
also  takes  place  when  an  unsaturated  acid  is  fused  with  caustic 
potash  with  access  of  air : 


KO 

KO 

0 


CHCOOH  o|H 

S  =  0„H,„  ^ , .  C|OK  +  OH, .  COOH. 

OK 


This  reaction  was  at  one  time  often  employed  to  determine  the 
position  of  the  double  bond,  under  the  impression  tliat  the  decom- 
position of  the  molecule  was  effected  at  the  point  where  this  bond 
was  situated  in  the  first  instance.  It  is  now  known  that  under 
the  influence  of  fused  caustic  potash,  or  even  by  boiling  with  a 
solution  of  caustic  soda,  the  position  of  the  double  bond  becomes 
shifted  nearer  to  that  of  the  carboxyl-group.  Fusion  with  caustic 
potash  is  therefore  not  applicable  to  the  determination  of  the 
position  of  double  bonds. 

Acrylic  Acid,  CH, :  OH  •  COOH. 

142.  Acrylic  acid  is  obtained  by  removal  of  HI  from  /5-iodo- 
propionic  acid,  CHgl-CHj-COOH.     It  is  a  liquid  with  a  pungent 
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odonr,  boiling  at  140^^  and  is  reduced  by  nascent  hydrogen  to 
propionic  acid. 

Acids  with  the  formula  C^H^O,. 

143.  Several  acids  with  the  formula  C^H^O,  are  known.  In 
accordance,  with  the  theory  of  constitution,  the  following  are 
possible: 

1.  CH,:CH.CH,.COOH;     2.  CH,-CH:CH.COOH; 
3.  CH,:C<(jq5jj. 

Four  isomeric  acids  with  the  formula  G^H^O,  are  actually  known. 
An  acid  of  the  constitution  indicated  in  formula  1,  vinylacetic 
acid,  may  be  obtained  synthetically  (239).  Its  formation  by  the 
action  of  potassium  cyanide  on  allyl  iodide,  and  saponification  of 
the  nitrile  thus  formed,  might  be  expected: 

CH,:OH.CHJ  — CH,:CH.CH,CN— CH,:CH.CH,.COOH. 

AJI7I  iodide 

ActuaUy,  however,  an  acid  having  the  formula  2  is  obtained,  solid 
crotonic  acid,  which  melts  at  71°  and  boils  at  180°;  for  it  is  con- 
Terted  by  careful  oxidation  with  permanganate  into  oxalic  acid, 
HOOC— COOH. 

Isocrotonic  <icid,  a  liquid  boiling  at  172°,  has  also  the  con- 
stitution 2,  because,  on  the  one  hand,  like  solid  crotonic  acid  it 
can  be  reduced  to  n-butyric  acid,  showing  that  it  too  contains  a 
normal  carbon  chain ;  on  the  other,  it  is  converted  by  careful 
oxidation  into  oxalic  acid.  Ordinary  constitutional  formulas  are 
incapable,  therefore,  of  accounting  for  the  isomerism  of  these 
acids.     We  shall  see  later  (170)  how  it  is  explained. 

An  acid  with  the  formula  3  is  obtained  by  the  abstraction  of 
HBr  from  bromo-isobutyric  acid,  and  is  called  methacrylic  acid : 

g2«>CBr.C00H  —  ^  J^C.COOH. 

Oleic  Acid,  C„H„0,. 

144.  Oleic  acid  is  obtained  by  the  saponification  of  oils  and 
soft  fats  (91).     In  order  to  separate  it  from  the  saturated  fatty 
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acide,  stearic  and  palmitic  acids,  which  are  set  free  at  the  same 
time,  use  is  made  of  its  lead  salt,  which  is  readily  soluble  in  ether, 
in  contradistinction  to  those  of  the  saturate  fatty  acids.  The 
oleic  acid  is  liberated  from  the  lead  oleate  by  treatment  with  acids. 

At  ordinary  temperatures,  oleic  acid  is  a  liquid  melting  at  14°, 
without  odour  and  of  an  oily  nature.  It  oxidizes  readily  in  the 
air,  and  cannot  be  distilled  without  decomposition  under  ordinary 
pressures. 

Oleic  acid  contains  a  normal  carbon  chain,  since  it  is  converted 
by  reduction  into  stearic  acid. 

Erafft  has  proved  the  normal  structare  of  stearic  acid  by  convert- 
ing it  step  by  step  into  acids  containing  a  smaller  nnmber  of  carbon 
atoms.  His  method  is  as  follows.  When  submitted  to  dry  distillation 
in  a  vacnnm,  barium  stearate  and  barium  acetate  yield  a  ketone, 
C,7H,.C0CH«: 


0»tH,>lCOOba»+  baO-|OC»CH,  -♦  CtHlCOCH,. 
Barium  Btearate  Barium  acetate       Margarylmethylketooe 

On  oxidation,  this  ketone  yields  acetic  acid  and  an  acid  of  the 
formula  CuHiiOs.  This  shows  that  in  the  ketone  there  must  be  a 
GHt-group  next  to  the  carbonyl-group,  so  that  it  has  the  formula 
GuHia-CHa-CO-CHs,  since  only  in  this  case  could  oxidation  produce 
an  acid  with  seventeen  carbon  atoms.  This  acid,  OttHi^Ot,  (margaric 
acidj)  is  converted  in  the  same  way  into  a  ketone,  OieHsfCO-CH., 
which  on  oxidation  yields  an  acid  C^.eHstOt.  The  formula  of 
margaric  acid  must  therefore  be  dftHsT-CHfOOOH.  and  that  of 
stearic  acid,  C,.H„.CH,.CH,.OOOH.  The  acid  0,.H„0,,  palmUic 
acid^  is  in  its  turn  converted  into  a  ketone,  etc.,  and  the  process 
continued  until  an  acid  is  obtained,  capric  acid,  CuHttOi,  which 
has  been  proved  by  synthesis  (886.  1)  to  contain  a  normal  carbon 
chain. 

The  presence  of  a  double  bond  in  oleic  acid  is  proved  by  its 
forming  an  additioh-product  with  bromine,  and  by  its  power  of 
reducing  an  alkaline  permanganate  solution  (123).  The  double 
bond  is  situated  at  the  middle  of  the  molecule^  the  constitution 
of  oleic  acid  being 

CH3.(CH,\.CH:CH.(CH,),.C00H. 

♦  ba  =  iBa 
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This  constitution  is  inferred  from  the  products  of  careful  oxida- 
tion, which  yields  pelargonic  acid,  Cgll^-COOH,  and  azelaic  acid, 
H00C.(CH,X.COOH. 

Oleic  acid  reacts  in  a  very  remarkable  manner  with  nitrous 
acid,  even  when  it  is  brought  in  contact  with  a  mere  trace  of  this 
substance.  Tlie  reaction  is  best  carried  out  by  passing  the  red 
gas,  which  is  a  mixture  of  NO,  and  NO,  obtained  by  heating 
arsenic  trioxide  with  nitric  acid,  into  oleic  acid,  the  same  effect 
being  produced  by  the  addition  of  nitric  acid  of  specific  gravity 
1-25.  The  oleic  acid  becomes  solid  after  a  time,  being  converted 
into  an  isomer,  elaldic  acid.  This  reaction  is  called  the  ^'elaidic 
transformation/'  It  is  also  undergone  by  other  acids  of  this 
series;  thus,  erucic  acid,  C„H^,0,,  is  converted  by  a  trace  of 
nitrons  acid  into  hrassidic  acid. 

Elaidic  acid  has  the  same  structural  formula  as  oleic  acid,  the 
double  bond  occupying  an  identical  position  in  the  molecule  of 
each,  since  each  acid  readily  forms  a  bromine  addition-product, 
which,  by  removal  of  2HBr,  yields  the  same  acid  in  both  cases, 
C„H„0,,  stearolic  acid: 

C„H„0,  ^  C,,H„Br.O.  -•  C„H„0.. 

Oleic  And  elaXdlo     Bromine  addition-    Stearolic  acid 
acids  product 

These  two  acids  yield  the  same  ketostearic  acid  by  the  addition 
of  one  molecule  of  water,  which  is  effected  by  the  action  of  con- 
centrated sulphuric  acid.  The  isomerism  of  oleic  acid  and  elaidic 
acid  is  therefore,  like  that  of  erucic  acid  and  brassidic  acid, 
analogous  to  the  isomerism  of  the  two  crotonic  acids  (143). 


U.    ACIDS  OF  THE   PBOPIOLIC  8SBIS8.  CnH,n-40,. 

146.  The  acids  of  the  propiolic  series  have  one  triple  bond, 
or  two  double  bonds,  in  the  molecule.  The  first-named  are  formed 
by  the  action  of  carbon  dioxide  upon  the  sodium  compounds  of 
the  acetylene  hydrocarbons: 

CHsCNa  +  CO,  =  CHsCCOONa. 

Sodium  propiolate 

The  adds  thus  formed  have  a  triple  bond  attached  to  the  ^-carbon 
atom.     Acids   of  this  nature  are  very  easily  split   up  into  an 
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acetylene  hydrocarbon  and  CO, ,  especially  on  heating  their  silver 
salts. 

A  general  method  for  the  preparation  of  acids  with  triple  bonds 
consists  in  the  addition  of  two  bromine  atoms  to  acids  containing 
a  double  bond,  and  subsequent  abstraction  of  2HBr: 

CH,.CH:CH.COOH-*CH,.CHBr.CHBr.OOOH  — 

CrotODio  add  Dibromobutyric  add 

-.CH,.C:CCOOH. 

TetroUcadd 

Substances  containing  a  triple  bond  possess  the  property  of 
adding  on  water  under  the  influence  of  concentrated  sulphuric 
acid,  with  formation  of  ketones: 

_C=C CH,.CO— . 

Thus,  stearolic  acid,  mentioned  above,  is  converted  into  a  keto- 
stearic  acid  of  the  formula 

C,H„ .  CO  •  CH, .  (CH,), .  COOH, 

which  is  transformed  into  the  corresponding  oxime  by  treatment 
with  hydrozylamine : 

C^H^ .  C .  CH, .  (CH,), .  COOH. 

i^OH 

under  the  influence  of  concentrated  sulphuric  acid,  this  oxime 
undergoes  the  Beckmann  transformation  (112),  among  the 
products  being  the  substituted  acid  amide 

C,H„.CO 

NH.(CH,),.COOH, 

which  is  proved  to  have  this  formula  by  its  decomposition  into 
pelargonic  acid,  CgII„-COOH,  and  the  9-aminononoic  acid, 
!NH,  •  (CH,)g  •  COOH,  when  acted  upon  by  fuming  hydrochloric  acid. 
This  is  a  confirmation  of  the  constitution  above  indicated  for  oleic 
acid  and  elaïdic  acid,  since  they  can  be  converted  into  stearolio 
acid  in  the  way  already  described. 
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Adds  with  Two  Double  Bonds,  CnH,n_^0,. 

146.  Very  few  of  these  are  known.  Among  them  may  be  men- 
tioned sorbicacid,  CeHsOt,  which  is  crystalline,  and  melts  at  184- 5**. 
It  occurs  in  the  unripe  berries  of  the  mountain-ash,  and  has  the  con- 
stitution CH,.OH:CH.CH:OH.COOH,  as  is  proved  by  its  synthesis, 
the  condensation  of  malonic  acid  with  crotonaldehyde  under  the  in- 
fluence of  pyridine  as  a  condensing-agent: 

CH..CH:CH.C.g^^|         COOH  ^  CH..CH:OH.CH:CH.COOH+C0, 
Malonic  add  -f  HsO. 

Isomeric  with  stearolic  acid  is  linoiac  acid^  OisHttOt ,  obtained  by 
the  saponification  of  linseed  oil.  When  carefully  oxidized  with  potas- 
sium permanganate  it  is  converted  into  a  tetrahydroxystearic  acid, 
CitHitOa(OH)« ,  which  proves  that  it  contains  two  double  bonds  in  the 
molecule. 


THSATURATEI)  ALDEHTDB8  AVD  KBT0VE8. 


I.   UmATüBATED  ALBBHTDE8. 

147.  The  first  member  of  the  unsaturated  aldehydes  is  acrolein, 
CH,:CH-CHO.  It  is  obtained  by  removal  of  water  from 
glycerol,  a  process  best  effected  by  heating  with  potassium 
anhydrosulphate,  K,S,Oy,  or  with  boric  acid.  It  is  a  colourless 
liquid,  boiling  at  52  ^é"",  and  has  an  extremely  powerful,  penetrat- 
ing odour,  to  which  it  owes  its  name  {acer,  sharp,  and  oleum, 
oil).  The  disagreeable,  pungent  smelJ  produced  when  a  tallow 
candle  or  an  oil-lamp  is  extinguished  is  due  to  the  formation 
of  acrolein.  On  reduction,  it  yields  allyl  alcohol,  from  which  it 
is  regenerated  by  oxidation.  It  is  converted  into  acrylic  acid  by 
further  oxidation. 

It  has  the  properties  peculiar  to  aldehydes — ^the  susceptibility 
to  reduction  and  oxidation,  resinification  in  presence  of  alkalis, 
and  the  power  of  forming  polymerization-products.  It  possesses 
this  last  property  in  such  a  marked  degree  that  it  usually  becomes 
wholly  converted  into  a  polymer  in  the  course  of  a  few  days  or 
even  hours,  probably  under  the  catalytic  influence  of  traces  of 
impurities.  The  presence  of  the  double  bond  in  acrolein  modifies 
to  some  extent  its  aldehydic  properties.  This  is  exhibited  in  its 
behaviour  towards  ammonia,  with  which  it  does  not  combine  in 
the  same  way  as  acetaldehyde  (113),  but  in  accordance  with  the 
following  equation: 

2C,H,0  +  NH,  =  C,H,NO  +  H,0. 

Acrolein-ammonia  is  an  amorphous,  basic  substance,  is  soluble  in 
water,  and  in  its  appearance  and  behaviour  towards  water  bears  a 
close  resemblance  to  glue. 

Acrolein  does  not  unite  with  one  molecule  of  an  acid  sulphite, 
but  with  two,  yielding  a  compound  from  which  acrolein  itself 
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cannot  again  be  obtained  by  the  action  of  acids,  which  only  split 
off  one  molecule  of  the  acid  sulphite.  It  must  therefore  be  sup- 
posed that  the  other  molecule  of  acid  sulphite  has  attached  itself 
at  the  double  bond. 


Crotonaldehyde,  CH,  •  CH :  CH  •  CHO. 

148.  Crotonaldehyde  results  on  the  splitting  off  of  water  from 

aldol,  OH, .  CH[ÖH|'0H|H|  .  Oq  (116). when  it  is  heated  to  140'.    It  is  a 

liquid  boiling  at  104° -105**,  and  is  converted  by  oxidation  with  silver 
oxide  into  solid  crotonic  acid,  a  reaction  which  proves  it  to  have  the 
constitution  indicated  by  the  above  formula. 

PropargylcUdehydey    CH=C-C:$^,  can  be  obtained  from  acroleln- 

aoetal  by  the  addition  of  two  bromine  atoms,  and  subsequent  removal 
of  2HBr,  by  means  of  caustic  potash,  from  the  addition-product  thus 
formed : 

CH.:CH.cg>c,H.).  -  CH.Br.CHBr.cJ^o.H.).  - 
▲crolelnacetal  Dlbromo-oompound 

~*^H"^-^(OC.H.).- 
Propargylaldebydeaoetal 

The  latter  aoetal  is  converted  by  warming  with  dilute  sulphuric 
acid  into  the  corresponding  aldehyde,  which  has  the  same  irritating 
action  on  the  mucous  membrane  as  acrolein. 

The  behaviour  of  propargylaldehyde  with  alkalis  is  remarkable. 
It  is  split  up  into  acetylene  and  formic  acid: 


OHeO-CHO  +  NaOH  =  CH-CH  +  C^-ONa, 


+  C^0] 


n.  WBATÜBATED  KST0HS8. 

149.  Among  these  may  be  mentioned  mesityl  oxides  CfHi»0,  and 
phorone^  CsH^O.  Both  are  obtained  by  the  condensation  of  acetone, 
with  elimination  of  water.  Mesityl  oxide  is  a  colourless  liquid,  B.P. 
130*  and  sp.  gr.  0-848  at  28'*,  is  insoluble  in  water,  and  possesses  a 
strong  peppermint-like  odour.  It  is  recognized  as  an  unsaturated 
ketone  on  account  of  its  yielding  an  oxime,  and  being  capable  of  form- 
ing addition-products.  Its  ketonic  character  is  further  manifested  by 
its  failing  to  yield  an  acid  containing  the  same  number  of  carbon 
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atoms  on  oxidation.  The  formation  of  mesityl  oxide  is  represented  by 
the  following  equation : 

^H|Hrro|0  <oh!       /OH=0<gH!  +  ^•^• 

do  =do 

Mesial  oxide 

This  constitutional  formula  for  mesityl  oxide  is  further  supported  by 
the  result  of  its  oxidation  with  permanganate.  The  products  of  this 
treatment  are  a- hydroxy isobutyric  acid,  (CH.)«0(OH).COOH,  and 
acetic  acid.  Remembering  that  the  addition  of  20H  at  the  position  of 
the  double  bond  precedes  the  splitting  up  of  the  molecule,  it  is  easy  to 
understand  how  the  acids  named  can  be  produced  by  its  oxidation: 

.CH. 

Phorone  is  a  crystalline,  greenish-yellow  substance,  and  melts 
at  28*.  Its  forming  an  oxime  is  a  proof  that  it  contains  a  oarbonyl- 
gronp,  and  it  can  also  add  on  four  bromine  atoms;  hence  it  is  assumed 
to  have  the  following  structural  formula,  which  gives  expression  to 
these  properties: 


.H 


C(OHi). 

N„  goH.). 


^ 


I 


.0^^,^  ^  I 


COMPOUNDS  COHTAINnra  KOBE  THAH  05S 
SÜBSTITÜTIHO-GBOÜP. 


I.   HALOOEV  DSBIVATIVS8  OF  XSTHAVl. 

150.  It  is  possible  to  replace  all  four  hydrogen  atoms  in 
methane,  in  successiye  stages,  by  the  direct  action  of  chlorine  or 
bromine  in  presence  of  sunlight.  Iodine  does  not  react  with 
methane,  or  with  its  homologues,  while  the  action  of  fluorine  is 
Tery  energetic^  effecting  complete  substitution. 

In  practice,  however,  this  is  not  the  method  adopted  for  the 
preparation  of  the  compounds  CH,X,,  CHX,,  or  CX^.  They  are 
obtained  from  the  trihalogen  deriyatives,  readily  prepared  by 
another  method,  which  yield  tetrachloromethane  or  tetrabromo- 
methane  without  any  difficulty,  on  chlorination  or  bromination, 
and  are  converted  on  reduction  into  dihalogen  methane.  On 
account  of  their  important  therapeutical  properties,  the  compounds 
CHX,  are  prepared  on  the  large  scale. 

Chloroform,  GHGl,. 

151.  Chloroform  is  obtained  by  distilling  alcohol  with  bleach- 
ing'powder.  In  this  reaction,  in  which  oxidation  and  chlorination 
go  on  together,  it  is  supposed  that  aldehyde  is  first  produced  by 
oxidation  of  the  alcohol,  and  is  then  converted  into  trichloro- 
aldehyde,  or  chloral,  CC1,'CH0.  This  substance  is  converted  by 
bases,  in  this  case  by  the  slaked  lime  present  in  the  bleaching- 
powder,  into  chloroform  and  formic  acid  (204). 

Chloroform  is  a  liquid  boiling  at  61°,  and  solidifying  at  —  70°. 
Its  specific  gravity  at  15°  is  1*498;  it  is  only  very  slightly  soluble 
in  water,  and  possesses  a  characteristic  ethereal  odour  and  sweet 
taste.  Its  prolonged  inhalation  produces  unconsciousness,  whence 
it  derives  its  value  as  an  anaesthetic  in  surgical  operations. 
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Its  use  for  this  purpose  is  not  wliolly  auattended  with  danger. 
Notwithstanding  the  great  fund  of  experience  resulting  from  the  fre- 
quency of  its  application,  it  occasionally  happens  that  the  use  of 
chloroform  is  attended  by  fatal  results.  Ordinary  ether  is  less  dan- 
gerous, does  not  produce  such  disagreeable  after-effects,  and  hence 
has  in  later  years  been  preferred  as  an  ansBSthetic  (68). 

Chloroform  is  a  somewhat  unstable  substance,  and  decomposes 
under  the  influence  of  light  and  air,  yielding  chlorine,  hydro- 
chloric acid,  and  carbon  oxychloride,  COCl,.  This  decomposition 
can  be  prevented  to  a  great  extent  by  the  addition  of  1%  of 
alcohol,  and  keeping  the  chloroform  in  bottles  of  non-actinic 
glass.  The  preservative  action  of  alcohol  probably  depends  upon 
its  combination  with  the  decomposition-products  of  the  chloro- 
form, thus  preventing  their  exercising  a  catalytic  accelerating 
influence  on  the  decomposition.  The  halogen  atoms  of  chloro- 
form take  part  in  double  decompositions;  thus,  sodium  ethoxide 
yields  the  ethyl  ester  of  orthof ormic  acid : 


CHiCV+3Na|.0C,H,  =  CH(OC,H,),  +  3NaCl. 


Formic  acid  can  be  obtained  from  chloroform  by  warming  it 
with  dilute  alkalis,  orthoformic  acid  being  probably  formed  as  an 
intermediate  product,  although  the  latter  has  not  been  isolated. 
When  chloroform  is  treated  with  an  aqueous  solution  of  caustic 
potash  (40^),  carbon  monoxide  is  evolved;  it  is  assumed  that 
chloromethylene,  CCl, ,  is  formed  as  an  intermediate  product  in 
this  reaction. 

When  chloroform  is  warmed  with  alcoholic  ammonia  and 
caustic  potash,  its  three  chlorine  atoms  are  replaced  by  nitrogen, 
with  production  of  potassium  cyanide.  The  formation  of 
isonitriles  from  chloroform,  alcoholic  potash,  and  primary  amines, 
has  been  already  mentioned  (84). 

Chloropicri7iy  COlsNOa ,  is  obtained  from  chloroform  by  replace- 
ment of  the  hydrogen  atom  by  a  nitro-group  by  treatment  with  con- 
centrated nitric  acid.  The  constitution  of  chloropicrin  is  indicated 
by  its  yielding  metbylamine  on  reduction.  It  is  a  liquid  with  an 
extremely  pungent  odour,  and  is  usually  obtained  by  the  distillation 
of  picric  acid  with  bleaching-powder,  to  which  mode  of  preparation  it 
owes  its  name. 

Methylene  chloride^  CH«Cli ,  is  obtained  from  chloroform  by  reduo> 
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tion  with  zinc  and  hydrochloric  acid  in  alcoholic  solation.  It  is  a 
liquid,  hoiling  at  40*",  and  having  a  specific  gravity  of  1*337. 

TetrachlürometTianey  or  carbon  tetrachloridey  COU ,  produced  by 
the  action  of  chlorine  on  chloroform  or  carbon  disulphide,  is  also  a 
liquid,  and  boils  at  76**.  When  heated  with  excess  of  water  at  260^  it 
yields  HCl  and  COs.  Its  specific  gravity  is  1'598  at  20''.  It  will  be 
noticed  that  these  higher  chlorine  substitation-products  have  high 
specific  gravities.  The  bromine  and  iodine  compounds  have  consid- 
erably higher  densities  than  the  corresponding  chlorine  compounds. 

BrwMform^  OHBrs,  is  obtained  analogously  to  chlwofonn.  It 
melts  at  7*8'',  boils  at  ISl*",  and  has  a  specific  gravity  of  2*904  at  16% 
It  finds  therapeutic  application. 


Iodoform^  CHI,. 

152.  Iodoform  is  a  substance  of  great  importance^  and  is 
obtained  from  alcohol  by  the  action  of  potassium  carbonate  and 
iodine.  The  intermediate  product,  Clg-GHO,  analogous  to 
chloral,  has  not  been  isolated. 

Iodoform  can  also  be  prepared  by  the  electrolysis  of  a  solution 
ooDtaining  ^  g.  of  potassium  iodide,  20  g.  of  sodium  carbonate,  and 
80  cc.  of  alcohol,  in  each  400  cc,  the  temperature  being  kept  at  60*"  to 
65*.  Iodine  is  set  free  at  the  anode,  so  that  the  alcohol,  KiOOs,  and 
I,  necessary  to  the  formation  of  iodoform,  are  all  present  in  the 
mixture.  About  809^  of  the  potassium  iodide  is  by  this  method  con- 
verted into  iodoform,  while  the  remainder  of  the  iodine  is  finally  ob- 
tained as  potassium  iodate.  The  formation  of  iodate  can  be  avoided 
to  a  great  extent  by  surrounding  the  cathode,  at  which  caustic  potash 
is  formed,  with  parchment,  which  prevents  the  potash  from  coming 
in  contact  with  the  iodine  set  free  at  the  anode. 

Iodoform  is  a  solid,  and  crystallizes  in  yellow  hexagonal  plates. 
It  has  a  peculiar  saffron-like  odour,  sublimes  very  readily,  and 
melta  at  119°. 

These  characteristic  properties  of  iodoform  make  its  formation 
an  important  test  for  alcohol,  although  it  must'  be  remembered 
that  aldehyde,  acetone,  and  several  other  substances  similarly  yield 
iodoform.  Substances  containing  the  group  CH,-C  linked  to 
oxygen  answer  to  the  iodoform  test.  It  is  carried  out  by  adding 
iodine  to  the  liquid  to  be  tested,  and  then  caustic  potash,  drop  by 
drop,  until  the  colour  of  the  iodine  vanishes.     If  a  large  quantity 
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of  alcohol  is  present,  a  yellow  precipitate  is  at  once  fonned;  if  only 
traces,  some  time  has  to  elapse  before  this  takes  place.  The 
reaction  is  suflSciently  delicate  to  show  traces  of  alcohol  in  well- 
water  and  rain-water,  after  it  has  been  concentrated  as  much  as 
possible  by  repeated  distillation,  the  first  fraction  in  each  case 
being  collected. 

Iodoform  is  used  in  surgery  as  an  antiseptic.  It  is  worthy  of 
notice  that  it  does  not  directly  kill  the  bacteria,  but  that  its  action  on 
the  micro-organisms  depends  upon  a  previous  decomposition  brought 
about,  under  the  influence  of  the  heat  of  the  body,  by  a  fermentative 
action  of  the  matter  separated  from  the  wound. 

Methylene  iodide^  CH,I,,  is  obtained  by  the  reduction  of 
iodoform  with  hydriodic  acid,  phosphorus  being  added  to  regen- 
erate HI  (29).  It  is  a  liquid  of  remarkably  high  specific  gravity, 
3292  at  18°. 


U.  HALOOSH  DSBIYATIYBS  OF  THE  HOXOLO0USS  OF  XSTHAVE. 

163.  It  is  evident  that  among  these  derivatives  numerous 
isomers  are  possible.  For  example,  replacement  by  chlorine  of 
three  hydrogen  atoms  in  normal  pentane  may  take  place  in  a 
number  of  different  ways;  a  methyl -group  may  be  converted  into 
CCl,,  two  chlorine  atoms  may  replace  the  hydrogen  of  one 
methylene-group,  while  the  third  replaces  another  hydrogen  atom 
in  the  molecule,  or  all  three  chlorine  atoms  may  attach  themselves 
to  different  carbon  atoms;  and  so  on. 

The  methods  for  the  preparation  of  many  of  the  halogen  com- 
pounds included  under  this  heading  have  already  been  mentioned, 
the  compounds  CpH,n  +  ^ •  CHX,  and  CnH,p  +  ,.CX,-CqH,q^,  being 
obtained  by  the  action  of  phosphorus  pentahalide  on  aldehydes 
and  ketones  respectively  (106).  Compounds  containing  two 
halogen  atoms  attached  to  two  adjoining  carbon  atoms  are  obtained 
by  the  addition  of  halogens  to  the  hydrocarbons  C„H,  ;  those  with 
four  halogen  atoms,  two  of  which  are  directly  attached  to  each  of 
two  adjoining  carbon  atoms,  are  produced  by  the  addition  of  halo- 
gen to  hydrocarbons  containing  a  triple  bond ;  while  compounds 
of  the  type  CpH,p^,.CHX.CHX.aH,,.CHX.CHX.C„H,„^, 
are  obtained  by  addition  of  halogen  to  the  hydrocarbons  OnH,n_^, 
containing  two  double  bonds;  etc. 
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A  general  method  for  the  preparation  of  compounds  rich  in 
halogen  from  the  saturated  hydrocarbons  is  the  exchange  of  one 
hydrogen  atom  for  halogen,  removal  of  haloid  acid  by  means  of 
alcoholic  potash,  halogenation  of  the  hydrocarbon  CnH,n  thus 
obtained,  removal  of  HX,  renewed  halogenation  of  the  product, 
and  so  on. 

CH,.CH,  -*  CH,.CH,C1-HC1  -^  CH,:OH,  +  201  -♦ 

Ethane  Ethyl  chloride  Ethylene 

-» CH,C1.CH.C!1  -  anCl  -♦  CH=0H  +  4C1  '-* 

Ethylene  chloride  Acetylene 

■^  CHC1,-CHC1  •  -  HCl  -»  CHClrOOl,  +  2C1-» 

Ethylene  tetrachloride  Trichloroethylene 

-*  CHC1,.CC1,  -  HCl  -»  CCl,:  CCl  +  2C1  -»  CC1,.CC1,. 

Pentachloroethane  Tetrachloroethylene  Hezacbloroethane 

A  general  method  for  the  preparation  of  compounds  rich  in 
bromine  was  discovered  by  Victor  Meyeè,  and  consists  in  the 
direct  action  of  bromine  on  the  hydrocarbons  of  the  series  C„H,„  ^, 
in  presence  of  a  small  quantity  of  anhydrous  iron  bromide,  or 
more  simply,  of  iron-wire.  Under  these  conditions,  the  substitu- 
tion takes  place  very  readily,  and  it  has  been  shown  that  each 
carDon  atom  of  a  normal  chain  only  takes  up  one  bromine  atom. 
Thus,  propane  yields  tribromhydrin,  CH,Br-CHBr.OH,Br, 
since  the  product  is  identical  with  the  addition-product  obtained 
by  the  action  of  bromine  on  allyl  bromide,  CH,:  CH'CH,Br. 

When  many  of  the  hydrogen  atoms  of  a  hydrocarbon  0^11^  ^., 
have  already  been  replaced  by  chlorine  or  bromine,  it  is  no  longer 
possible  to  substitute  hydrogen  by  the  direct  action  of  a  halogen. 
Chlorine  has  no  action  on  pentachloroethane,  for  example. 
MouxEYRAT  has,  however,  shown  that  substitution  readily  takes 
place  in  presence  of  a  small  quantity  of  aluminium  chloride,  which 
first  splits  off  haloid  acid.  In  this  way,  pentachloroethane  with 
aluminium  chloride  yields  tetrachloroethylene,  and  the  addition 
of  halogen  takes  place  at  the  double  bond  thus  formed,  the  prod- 
net  being  in  this  instance  hexachloroethane. 

Homenclature,  and  Individual  Members. 

164.  Compounds  containing  a  halogen  attached  to  a  terminal 
carbon  atom  are  denoted  by  the  prefix  co^  if  to  other  carbon  atoms, 
hy  ff,  Py  etc.  CH,Br*CH,'CH,Br  is  cöoj'-dibromopropane; 
CHjBrCHBr-CH,  is  cöor-dibromopropane. 


1 76  ORGANIC  CHEMISTRY, 

Only  a  few  of  the  numerous  compounds  of  this  group  will  be 
described. 

Ethylene  braviide  is  employed  for  syntheses,  and  as  a  solvent. 
It  is  prepared  by  leading  ethylene  into  bromine  covered  with  a 
layer  of  water  to  prevent  evaporation,  the  addition  taking  place 
very  readily.  Ethylene  bromide  is  a  colourless  liquid  of  agreeable 
odour,  solidifies  at  8°,  boils  at  131°,  and  has  a  specific  gravity  of 
2  189  at  15°. 

Ethylene  chloride,  CH.CICH.CI,  is  called  '*  Dutch  Liquid,"  or  the 
'*Oil  of  the  Dutch  Chemists,"  owing  to  the  fact  that  it  was  first 
prepared  at  the  end  of  the  eighteenth  century  by  four  Dutch  chemists, 
Deiman,  Bondt,  Paets  van  Troostwtk,  and  Lauwebenbüroh,  by  the 
action  of  chlorine  upon  ethylene.  It  is  a  liquid  boiling  at  84*9%  and 
has  a  specific  gravity  of  1  -28  at  0*. 

Trimethylene  bromide,  CH,Br«CH,'CH,Br.  cöcö'-dibromopro- 
pane,  also  plays  an  important  part  in  syntheses,  and  is  obtained  by 
addition  of  HBr  to  allyl  bromide,  CH,:CH-CH,Br,  produced 
from  allyl  alcohol.  This  method  of  formation  suggests  its  having 
the  constitution  CH,-CHBrCH,Br,  when  it  would  be  identical 
with  the  addition-product  obtained  by  the  action  of  bromine  upon 
propylene,  CH,-CH  :  CH,.  Since  this  is  not  the  case,  the  first 
constitutional  formula  given  above  is  of  necessity  assigned  to  it. 
Trimethylene  bromide  is  a  liquid,  B.P.  165°,  sp.  gr,  1  -974  at  17°. 

ni.    POLTHYDRIC  ALCOHOLS 

165.  When   more   than   one   hydrogen   atom   of  a   saturated 

hydrocarbon  is  replaced  by  hydroxyl,  it  is  theoretically  possible  to 

have  more  than  one  hydroxyl-group  in  union  with  a  single  carbon 

atom,  or  to  have  each  attached  to  a  different  one      It  should  be 

possible  to  obtain  compounds  of  the  first  class  by  replacement  of 

halogen  by  hydroxyl  in  the  halogen  compounds  R  •  CHXj ,  R-  CX, , 

and  R-CXj-R'.    When  this  is  attempted,  for  instance  by  bringing 

halogen  compounds  of  this  type  into  contact  with  silver  acetate, 

with  the  intention  of  subsequently  sjiponifying  the  compound  thus 

OP  H  O 
obtained,  stable  acetates,  such  as  CHj<^p'tt'»q,  are  indeed  readily 

formed.  But  on  saponification,  a  dihydric  alcohol  CH,(OH),  is 
not  obtained  from  them,  aldehyde  resulting  instead  by  the 
elimination  of  one  molecule  of  water.     When  compounds  of  the 
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type  RCCl,  are  treated  with  sodium  ethoxide,  substances  with  the 
general  formula  K -0(00,11  J,,  called  ortho-esters,  are  obtained. 
On  saponification,  however,  RC(OH)j  does  not  result,  the  corre- 
sponding acid  being  formed  instead,  through  loss  of  water.    Ethers 

OC  H 
of  dihydric  alcohols,  such  as  CH,  •  CH  <  q^V'  are  known,  and  are 

called  acetdls  (113,  2).     The  decomposition  of  these  substances 
yields,  not  R-CH(OH),,  but  an  aldehyde..   It  follows  from  these 
considerations  that  compounds  with  more  than  one  hydroxyl-group 
attached  to  tJie  same  carbon  atom  are  unstable.     We  shall  see  later     ^  ^ 
that  it  is  possible  to  obtain  such  compounds  in  certain  cases  (204,/^     - 
«83,  2^^  and  266). 

Many  compounds  are  known  containing  several  hydroxyl- 
groups,  of  which  not  more  than  one  is  attached  to  each  carbon 
atom.     Some  of  these  are  described  below. 

1.  Glycols  or  Dihydric  AlooholB. 

166.  The  glycols  are  obtained  from  the  corresponding  lialogen 
compounds  analogously  to  the  monohydric  alcohols  (43) : 

CH,BrCH,CH,Br  +  211,0  =  CH,OH.OH,OH,OH  +  2HBr. 

Trimetbytone  bromide  Triuiethyleoeglycol 

The  exchange  of  halogen  for  hydroxyl  can  be  brought  about  by 
treatment  with  acetate  of  silver  or  of  an  alkali-metal,  and  saponifica- 
tion of  the  diacetate  thus  obtained.  It  can  also  be  effected  by  boiling 
with  sodium  carbonate  solution,  or  water  and  lead  oxide. 

Glycols  of  the  type  RCHOH-OHOH-R,  in  which  the  carbon 
atoms  attached  to  hydroxyl  are  in  direct  union  with  one  another, 
are  formed  from  defines  either  through  the  medium  of  their 
bromine  addition-products,  or  by  the  direct  addition  of  two 
OH-groups  by  means  of  careful  oxidation  with  potassium  perman- 
ganate. In  this  way  ethylene  yields  the  simplest  dihydric  alcohol, 
called  glycol : 

OH,:  OH,  +  H,0  +  0  =  OH,OH  •  OH,OH. 

Another  method  for  the  formation  of  glycols  of  this  type  consists 
in  the  reduction  of  ketones.  This  may  be  either  carried  out  with  so- 
dium in  aqueous  solution,  or  better,  by  electrolysis.  For  this  purpose, 
the  ketone  is  dissolved  in  dilute  sulphuric  acid ;  on  passing  a  current 
through  this  solution,  the  reduction  takes  place  at  the  cathode.  Thus, 
acetone  yields  pinaoone,  in  addition  to  isopropyl  alcohol.     All  the 


17^  ORGANIC  CHEMISTRY. 

glycols  obtained  by  this  method  are  distinguished  by  the^name  pina- 
cones.    The  constitution  of  pinacone  is  indicated  by  this  synthesis: 

CH..OO.CH,      H      CH,.0(QH).CH, 

-f-      =  I 

OH.CO.CH,      H      CH,.C(OH).CH, 

Acetone  Fiuacone 

When  distilled  with  dilute  sulphuric  acid,  pinacone  undergoes  a 
remarkable  intramolecular  transformation  which  may  be  explained 
by  assuming  that  a  hydroxyl-group  changes  place  with  a  methyl- 
group: 

/OH  /0|H 

(OH,),C(OH).C:^H,  -»(OH,),C.C:^|OH  -  H,0  =  (0H,),C.0O.CH,. 
Pfnacone    XJHi  0  Hi  Pinacoltn 

The  constitution  of  pinacolin  may  be  deduced  from  its  synthesis  by 
the  action  of  zinc-methyl  on  the  chloride  of  trimethylacetic  acid, 
(CH,)sC.COCl,  and  in  other  ways. 

The  majority  of  the  glycols  are  colourless,  viscous  liquids  of 
sweet  taste,  whence  the  series  derives  its  name.  Their  boiling- 
points  and  specific  gravities  are  considerably  higher  than  those  of 
the  monohydric  alcohols  containing  the  same  number  of  carbon 
atoms.  Thus,  glycol  boils  at  197  5^,  and  ethyl  alcohol  at  78^; 
at  0°  the  specific  gravity  of  glycol  is  1-128,  and  of  ethyl  alcohol 
0;806.  The  behaviour  of  the  hydroxyl-group  in  glycol  and  in  the 
monohydric  alcohols  is  perfectly  analogous p0Xchange  of  OH  for 
halogen,  the  formation  of  ethers,  esters,  and  alkoxides,  and,  in  the 
case  of  primary  glycols,  the  formation  of  aldehydes  and  acids,  may 
take  place  in  connection  with  one  or  both  of  the  hydroxyl-groups. 
For  instance,  the  compounds  CHjOII-CH^Cl,  glycolchlorhydrhiy 
GB.fiG;R^'CYi fill,  glycol  7}i07ioethyle/hei\  Cn,OC,H,'CH,OC,H., 
glycol  diethylether,  etc. ,  are  known.  The  glycols  i)ossess,  however, 
one  property  due  to  the  presence  of  two.hydroxyl-groups,  the  power 
of  forming  anhydrides.  The  first  member  of  the  series,  glycol, 
CHjOH-CHjOH,  does  not  yield  an  anhydride  by  the  direct  elimi- 
nation of  water,  but  a  compound  of  the  formula  Cj,H^O  is  obtained 
by  first  replacing  one  hydroxyl-group  by  CI  and  then  splitting  off 
HCl: 

CH,C1  CH,v 

I  -HC1=    I       >0. 

CH,OII  CH/ 

Glycolchlorhydrin  Ethylene  oxide 
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This  compound^  ethylene  oxide,  boils  at  14°,  and  is  therefore 
gaseous  at  ordinary  temperatures:  it  readily  takes  up  water,  form- 
ing glycol ;  or  hydrochloric  acid,  forming  glycolchlorhydrin.  To 
ethylene  oxide  is  assigned  the  constitutional  formula  given  aboTe, 
because  it  yields  ethylene  chloride  when  treated  with  phosphorus 
pentachloride,  the  oxygen  atom  being  replaced  by  two  chlorine 

CH, 

atoms.     If  the   compound  had   the  constitution    ij  ,  which 

^  CHOH 

seems  also  possible,  but  is,  however,  less  probable '(Ï36),  it  would 

not  yield  ethylene  chloride  when  thus  treated. 

Some   of    the  higher    homologues    of    glycol,    between    the 

hydroxyl-groups  of  which  four  or   five   carbon  atoms  intervene, 

yield  anhydrides  with  a  constitution  analogous  to  that  of  ethylene 

oxide.     They  show  a  marked  diminution  in  the  power  of  forming 

addition-products  with  water;  or,  in  other  words,  the  closed  chain 

of  carbon  atoms  and  one  oxygen  atom  is  not  so  easily  broken  as  in 

ethylene  oxide  itself. 

2.  Trihydric  Alcohols. 

1Ö7.  The  principal  representative  of  the  group  of  trihydric 
alcohols  is  glycerol,  or  glyceriiie,  G^^(OY{.)y  In  accordance  with 
the  rule  given  above,  that  two  hydroxyl-groups  cannot  attach 
themselves  to  the  same  carbon  atom,  glycerol  can  only  have  the 
structure 

CH,0IIC1I0HCH,0H. 

This  structure  finds  support  in  the  following  proofs. 

1.  On  careful  oxidation  of  allyl  alcohol  by  means  of  potassium 
permanganate,  two  OH-groups  are  added  at  the  position  of  the 
double  bond : 

CH, :  CII  •  CH,OH  ~  CH,OH  •  CHOH  •  CH^OH. 

2.  When  glycerol,  OjH^Oj, ,  is  carefully  oxidized,  glyceric  acidy 
C,H,0^ ,  is  first  formed,  corresponding  to  the  formation  of  acetic 
acid,  CjH^O,,  from  ethyl  alcohol,  C,H^O,  by  exchange  of  two 
hydrogen  atoms  for  one  oxygen  atom,  which  makes  it  evident  that 
glycerol  contains  one  — CH,OH-group.  Further  oxidation  con- 
verts glyceric  acid  into  tartronic  acid,  CjII^Oj ,  two  hydrogen  atoms 
being  replaced  by  one  oxygen  atom,  with  formation  of  a  new 
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carboxyl-group.  Hence,  glycerol  contains  two  — CH,OH-groups 
in  the  molecule,  so  that  its  constitution  is  OH,OHCtI,0  CH^OH, 
Since  tarfcronic  acid,  COOHCU,OCOOH,  still  possesses  alcoholic 
properties,  the  group  CH,0  must  have  the  constitution  >  CHOH, 
and  since  it  must  have  the  same  constitution  in  the  molecule 
of  glycerol,  the  structure  of  the  latter  is  proved  to  be 
CH,OH  CHOH  CH,OH. 

3.  A  further  proof  of  the  constitution  given  above  is  the  forma- 
tion of  glycerol  from  tribromhydrin  (153). 

Glycerol  is  a  colourless,  oily  liquid  of  sweet  taste,  is  very 
hygroscopic,  and  miscible  in  all  proportions  with  water  and 
alcohol,  but  insoluble  in  ether.  It  solidifies  only  after  standing 
for  some  time  at  a  low  temperature,  but  the  crystals  thus  formed 
do  not  melt  below  17°.  B.P.  290°,  sp.  gr.  1265  at  15°.  Its 
chemical  behaviour  is  completely  in  accordance  with  the  constitu- 
tion of  a  trihydric  alcohol.  Thus,  it  yields  three  esters,  by 
replacement  of  one,  two,  or  three  hydroxyl-groups. 

Since  glycerol  is  a  substance  which  plays  a  very  important  part  in 
the  economy  of  nature  as  a  constituent  of  the  fats  (159j,  its  synthesis 
from  its  elements  is  of  great  interest.  This  was  effected  by  Friedel 
and  SiLVA.  The  starting-point  was  acetic  acid.  This  can  be  synthe- 
sized from  its  elements  in  several  ways,  for  example  by  the  oxidation 
'  of  acetaldehyde  obtained  by  the  action  of  water  on  acetylene  (188). 
The  dry  distillation  of  calcium  acetate  gave  acetone,  which  was  re- 
duced to  isopropyl  alcohol.  On  elimination  of  water  from  the  latter, 
propylene  was  formed,  which,  on  addition  of  chlorine,  was  converted 
into  propylene  dichloride,  from  which  trichlorhydrin  was  obtained 
by  treatment  with  iodine  chloride.  Trichlorhydrin  was  converted 
into  glycerol  by  heating  with  water  at  170*": 

CH..0OOH— CH,.CO.CH,  — CH.CHOH.OH,  — CH..OH:CH,— 
Acetic  acid  Acetone  Isopropyl  alcohol  Propylene 

—  CH,.CHC1CH,CI  — CH,C1.CHCI.CH,C1  — CHaOHOHOHCH.ÖH. 

Propylene  dichloride  Triclilorhydrtn  Glycerol 

168.  Several  compounds,  difficult  to  prepare  from  any  other 
substance,  may  be  obtained  from  glycerol.  Among  them  may  be 
mentioned  allyl  alcohol,  allyl  iodide,  acrolein,  and  isopropyl  iodide. 

Allyl  alcohol,  CHjiCHCH^OH,  can  be  obtained  from  glycerol 
by  heating  it  with  oxalic  acid,  COOHCOOII.  The  monoformic 
acid  ester  of  glycerol,  momformin, 

CH,OH  •  CHOH  •  CH,  •  OCO        or        CH,0  H  •  C II  •  CH.OH, 
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is  first  formed,  as  under  these  conditions  oxalic  acid  loses  one 
molecule  of  CO,,  yielding  formic  acid,  COOlH— COOH,  which 
combines  with  the  glycerol  to  produce  monoformin.  When  heated 
more  strongly,  this  decomposes  into  allyl  alcohol,  water,  and  car- 
bon dioxide : 


CH,OH.CH 


OHCH,OCO 


H 


or         CH^OH'CH— CHJOH 
lOCOlH 


Allyl  iodide  is  obtained  by  the  action  of  phosphorus  and  iodine 
on  anhydrous  glycerol : 

CH. 

CH 


CH. 


OH         .        CH.I  CH, 

OH  +  PI,  =  CHI  +  P(OH),;     CH 


21 


CH. 

^H 


OH         I        CH,I  CHJ     •  OH,I 


The  tri-iodhydrin,  C^H^lj,  which  is  probably  formed  as  an  inter- 
mediate product  in  this  reaction,  is  unstable,  and  at  once  loses  two 
atoms  of  iodine,  yielding  allyl  iodide. 

Acrolein  (147)  is  formed  by  the  elimination  of  water  from 
glycerol: 

|QHH| 

CH,C— CHOH; 


OH  H 


whereby  CH,:C:CHOH  should   result,  but  immediately  changes 

into  acrolein,  CH^cCHCq  (186). 

hopropyl  iodide  is  formed  by  the  addition  of  water  to  a  mixture 
of  glycerol  with  iodine  and  phosphorus.  In  this  reaction, 
propylene,  CHjCHiCH,,  is  formed  as  an  intermediate  product, 
and  is  evolved  in  the  free  state  when  care  is  not  taken  to  have 
sufficient  hydriodic  acid  present.  By  the  addition  of  HI,  pro- 
duced by  the  interaction  of  iodine,  phosphorus,  and  water,  isopropyl 
iodide  is  formed  from  the  propylene  thus  generated: 

CH,CH:CH,  +  HI  =  CH,  CHICH,. 

Propylene  Isopropyl  iodide 

Formic  acid  (88)  is  usually  prepared  by  the  action  of  glycerol 
on  oxalic  acid.      As   mentioned   above,  when  these   substances 


i82  ORGANIC  CHEMISTRY. 

are  heated  together,  carbon  dioxide  is  evolved,  and  the  glyceryl 
ester  of  formic  acid  produced.  Formic  acid  is  obtained  from  the 
latter  by  saponification,  the  glycerol  being  regenerated  at  the 
same  time.  This  is  best  carried  out  by  the  addition  of  a  fresh 
quantity  of  oxalic  acid,  C^HjO^,  2aq,  whose  water  of  crystalliza- 
tion effects  the  saponification  of  the  ester,  the  formic  acid  dis- 
tilling over.  The  glycerol  thus  regenerated  is  again  converted 
into  monoformin  by  the  freshly-added  oxalic  acid,  and  the  ester 
once  more  decomposed  by  the  addition  of  a  further  quantity  of 
oxalic  acid,  etc.  It  is  in  this  way  possible  to  convert  unlimited 
quantities  of  oxalic  acid  into  formic  acid  by  means  of  a  given 
quantity  of  glycerol. 

169.  Glycerol  exists  in  nature  in  large  quantities  in  the  form 
of  esters.  The  fats  and  oils  are  glyceryl  tri-esters  of  the  higher 
fatty  acids,  and  of  oleic  acid ;  glycerol  and  the  fatty  acids  are  ob- 
tained from  them  by  saponification  (91  and  101). 

The  saponification  of  the  tri-esters  of  glycerol  with  caustic  sodatir 
lime  t^kes  place  in  stages,  the  di-esters  and  mono-esters  being  formed 
as  intermediate  products;  this  may  be  proved  as  follows.  On  com- 
plete saponification,  pure  tristearin,  or  glyceryl  tristearate,  yields  only 
stearic  acid  and  glycerol,  so  that  if  no  intermediate  products  are 
formed,  a  partially-saponified  portion,  in  which  the  soap  produced  has 
been  decomposed  by  hydrochloric  acid,  and  the  glycerol  removed  by 
washing  with  water,  should  contain  only  unchanged  tristearin  and 
stearic  acid.  Neither  tristearin  nor  stearic  acid  can  yield  acetyl-deriva- 
tives  with  acetic  anhydride.  If  the  saponification  take  place  in  stages, 
monostearin  and  distearin  would  be  formed,  and  the  free  hydroxy  1- 
groups  of  the  glyceryl-residue  in  these  compounds  would  react  with 
acetic  anhydride  to  form  acetyl-compounds.  On  treatment  with  this 
anhydride,  and  subsequent  complete  saponification,  acetic  acid  would 
be  among  the  products;  it  has  been  shown  by  experiment  that  this 
actually  does  occur. 

Inversely,  the  fats  can  be  synthesized  from  glycerol  and  the 
fatty  acids;  for  instance,  tristearin  is  obtained  by  heating  glycerol 
with  excess  of  stearic  acid  under  reduced  pressure  at  200°  until 
separation  of  water  ceases. 

When  kept  for  some  time,  many  fats  become  rancid,  and  develop 
a  disagreeable  smell  and  taste.  This  is  due  to  atmospheric  oxida- 
tion, which  is  facilitated  by  the  influence  of  light.  The  unsatu- 
rated fatty  acids  become  converted  into  others  containing  a  smaller 
number  of  carbon  atoms,  and  with  a  characteristic  odour  and  taste. 
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160.  Glycerol  is  extensively  employed  in  the  arts  and  in 
medicine.  One  of  its  most  important  uses  is  for  the  preparation 
of  the  so-called  "  nitroglycerine."'  'J 'his  explosive  has  a  misleading 
name,  since  it  is  glyceryl  trinitrate. 


CH,O.NO, 
CHONO,, 
CH,O.NO, 


and  not  a  nitro-compound  (76) ;  for  on  saponification  with  alkalis 
it  yields  glycerol,  and  the  nitrate  of  the  corresponding  alkali-metal. 
Nitroglycerine  is  prepared  by  bringing  glycerol  into  contact 
with  a  mixture  of  concentrated  sulphuric  and  nitric  acids,  care 
being  taken  to  avoid  a  rise  in  temperature.  After  a  time,  the 
reaction-mixture  is  poured  into  water,  whereupon  the  nitrate 
separates  in  the  form  of  an  oily  liquid  of  faint,  headache-pro- 
ducing odour,  and  can  be  purified  by  washing  with  water.  When 
perfectly  pure,  it  does  not  explode  spontaneously. 

Nitroglycerine  is  a  liquid,  and  as  its  use  in  this  form  for  technical 
purposes  would  be  attended  with  difficulties,  it  is  mixed  with  infu- 
sorial earth  (kieselguhr),  which  absorbs  it,  forming  a  soft,  plastic 
mass,  dynamite,  containing  usually  75^  of  nitroglycerine,  and  25^  of 
the  earth.  Nitroglycerine  can  also  be  obtained  in  the  solid  form  by 
dissolving  in  it  a  small  amount  oi  guucotton  (231),  which  converts  it  into 
an  elastic  solid  resembling  jujubes  in  consistence,  called  '*  blasting 
gelatine."  This  substance  has  the  advantage  over  dynamite  of  not 
leaving  any  solid  residue  after  explosion.  Dynamite  cannot  be  used 
as  ammunition,  its  velocity  of  explosion  being  so  great  as  to  produce 
an  impulse  too  violent  for  a  gun  to  resist  without  bursting;  that  is,  it 
exerts  a  brisant  effect. 

3.  Tetrahydric  and  Polyhydric  AlcoholB. 

161.  Among  the  tetrahydric  alcohols  may  be  mentioned 
erythritol,  CH,OH.CHOH.CHOH.CH,OH,  which  is  a  natural 
product.  That  it  contains  a  normal  carbon  chain  is  proved  by  its 
conversion  into  n-secondary  butyl  iodide,  CHj-CHI-CHj-CH,,  on 
reduction  with  hydriodic  acid. 

Examples  of  pentahydric  alcohols  are  ardbitol  and  xylitoU 
CjHjjOj ,  which  are  stereoisomers,  as  are  also  the  hexahydric  alco- 
hols dtdcitol  and  mannitol,  C^ll^fi^,  both  of  which  are  found  in 
nature.     These  all  have  norm^  carbon  chains,  since,  like  erythritol. 


1 84  ORGANIC  CHEMISTRY. 

they  yield  /(-secondary  iodides  on  reduction  with  hydriodic  acid; 
for  example,  mannitol  is  converted  into 

CH, .  CH, .  CHI .  CH, .  CH,  -  CH,. 

They  can  be  obtained  artificially  by  the  reduction  of  the  corre- 
sponding aldehydes  or  ketones.  The  reason  for  assuming  their 
stereoisomerism  will  appear  later  (212).  It  is  sufficient  to  remark 
here  that  the  polyhydric  alcohols  contain  asymmetric  carbon 
atoms,  indicated  in  the  following  formulae  by  asterisks: 

CH,OH .  ShOH  .  CHOH  •  6hOH  •  CH,OH ; 

Arabltol  aud  Xylltol 

CH,OH .  ÓHOH .  CHOH  •  6hOH  •  CHOH  •  CH,OH. 

Dukitol  and  Maiinitol 

The  presence  of  polyhydric  alcohols  prevents  the  precipitation 
of  the  salts  of  copper,  iron,  and  other  metals  by  means  of  alkalis; 
thus,  a  solution  of  copper  sulphate  to  which  glycerol  has  been 
added  does  not  yield  a  precipitate  of  copper  hydroxide  with 
caustic  potash.  This  is  due  to  the  formation  of  soluble  metallic 
compounds  of  the  polyhydric  alcohols,  whose  hydroxyl-hydrogen  is 
replaced  by  the  metal.  This  property  is  not  only  possessed  by  the 
polyhydric  alcohols,  but  also  by  many  other  compounds  containing 
several  hydroxyl-groups  (192). 

lY.  DSBITATIYSB  COVTAIVIVO  HALOGSV  ATOMS,  HYBBOXTL-OBOirPS, 
HITB04>B0irPS.  OB  AUBOOBOUPB. 

162.  We  shall  only  consider  a  few  of  the  numerous  compounds 
belonging  to  this  class,  of  which  it  may  be  said  in  general  that  the 
chemical  properties  of  its  members  are  determined  by  the  sub- 
stituents. 

No  compounds  containing  halogen  and  hydroxyl  attached  to 

the  same  carbon  atom  are  known;  when  their  formation  might  be 

expected,  halogen  acid  is  split  off,  with  production  of  aldehydes  or 

ketones.     It  has  more  than  once  been  mentioned  that  stable  alkyl- 

derivatives  of  compounds  themselves  unstable  or  unknown,  such  as 

the  ortho-esters,  exist  (165).     This  is  true  in  this  instance,  for 

CI 
while  compounds  of  the  typo  K-CH<Qg  are  unknown,  deriva- 

Cl 
tives  of  the  formula  R-CH<q  q  „        are  known.     These  sub- 
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stances  are  called  chloroeihers.  When  chlorine  is  passed  into  ethyl 
ether,  which  is  kept  <5ool  and  away  from  the  action  of  light,  to 
avoid  explosion,  the  h}^ogen  atoms  are  replaced  by  chlorine;  the 
monosubstituted  product  has  the  constitution 

CH,.CH,.O.OHC1.CH„ 

Monochloroether 

as  is  proved  by  the  action  of  sulphuric  acid,  under  whose  influence 
it  takes  up  one  molecule  of  water,  forming  ethyl  alcohol,  acetalde* 
hyde,  and  hydrochloric  acid: 

C,H,  H         C,H,OH 

>0+   I      =       +  ci 

CH,.CHC1    OH      CH,.CH<Xt^  =  CH,.CHO  +  HCl. 

Monochloroether  ^-^ 

Compounds  containing  halogen  and  hydroxyl  attached  to 
different  carbon  atoms  are  obtained  from  the  polyhydric  alcohols 
by  partial  exchange  of  hydroxyl  for  halogen,  and  have  the 
general  name  halogen-hydrins»  The  dichlorhydrin  of  glycerol, 
C,H5(0H)C1,,  is  formed  when  a  solution  of  glycerol  in  glacial 
acetic  acid  is  saturated  with  hydrochloric-acid  gas.  It  has  the 
symmetrical  formula 

CH,C1.CH0H.CH,C1, 

since  it  differs  from  the  dichlorhydrin  obtained  by  addition  of 
chlorine  to  aUyl  alcohol,  this  having  the  constitution 

CH,OH.CHa.OH,Cl. 

On  treatment  of  .the  unsymmetrical  dichlorhydrin  with  caustic 

CH,.0H.CH,C1,  . 
potash,  epichlorhydrin,     \y  is  obtained. 

Dinitro-compounds  in  which  both  nitro-groups  are  linked  to 
the  same  carbon  atom,  are  obtained  from  primary  bromo-nitro- 
compounds  by  the  action  of  potassium  nitrite : 

CH,.CHBrNO,  +  KNO,  =  CH,.CH(NO.),  +  KBr. 

The  hydrogen  atom  in  union  with  the  carbon  atom  carrying  the 
nitro-groups,  can  be  readily  replaced  by  metals,  so  that  these 
primary  dinitro-compounds  have  an  acidic  character  (281). 

Diamines  in  which  the  two  amido-groups  are  attached  to  the  same 
carbon  atom,  are  not  numerous;  most  of  them  have  their  amido- 
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groups  attached  to  different  carbon  atoms.  Some  of  these  com- 
pounds are  formed  by  the  putrefaction  of  animal  matter^  such  as 
fleshy  and  are  classed,  with  other  basic  substances  formed  in  the  same 
way,  as  ptomaines.  Among  them  may  be  mentioned  cadavervie 
{pentamethylenediamine)y  NH,-CH,-(CH,)5.CH,.NH,..  andjt??/^r«- 
sciTie  {tetrainethyienediamine)y  NH,.CH,-(CH,),.CH,.NH,.  The 
constitution  of  these  substances  has  been  proved  by  synthesis,  penta* 
methylenediamine  being  thus  obtained:  trimethylene  bromide, 
Br-CH^-CH,CH,-Br,  is  converted  by  treatment  with  potassium 
cyanide  into  trimethylene  cyanide,  CN  •  CH, .  CH, .  CH^  •  CN.  This 
substance  is  reduced  with  sodium  and  boiling  alcohol,  which  con- 
verts the  CN-groups  into  CH,NH,-gioups  (85),  with  formation  of 
the  diamine: 

CN  CH,NH, 

(CH,),  -.  (CH,).     . 

CN  CH,NH, 

When  pentamethylenediamine  hydrochloride  is  heated,  it  loses 
one  molecule  of  ammonia,  and  is  converted  into  piperlditie,  which 
has  the  character  of  a  saturated  secondary  amine.  For  this  and 
other  reasons  (387),  it  is  assigned  the  ring-formula  given  in  the 
following  equation: 

/CH,.  CH,NH,  XH,.  CH, 

CH,  -  NH,  =  (5h,         ^NH. 

\CH..CH,NH,  \CH,.CH, 

PeDtametbylenedlamine  PlperidiDe 

When  heated,  tetramethylenediamiue  and  trimethylenediamine 
yield  analogous  closed-chain  compounds,  but  less  readily,  whereas 
ethylenediamine  is  incapable  of  doing  so. 

A  substance,  partly  amine  and  partly  alcohol,  should  be 
referred  to  here,  on  account  of  its  physiological  importance;  it 
is  choline,  C^Hj^NO,,  which  is  widely  distributed  in  the  vegeta- 
ble kingdom.  Its  constitution  is  inferred  from  its  synthesis  by 
the  interaction  of  trimethylamine  and  ethylene  oxide  in  aqueous 
solution: 

(CH,),N  +  CH, .  CH,  /CH,  •  CH,OH 

+         \/       =(CH,),N 
OHH  0  '      '''  \0H 

ChoUna 
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Ethylene  oxide  can  also  combine  with  substances  like  ethyl- 
amine,  with  formation  of  amino-alcohols. 

Choline  is  a  constituent  of  a  very  complicated  substance  called 
lecithin,  which  is  present  in  brain-matter,  and  also  in  yolk  of  ogg.  On 
treatment  with  dilute  acids,  lecithin  is  converted  into  choline,  and  a 
tri-ester  of  glycerol,  glycerophosplwric  acid  distearate^ 


/OCO.C,,H., 
\OPO(Ofi), 


Ledthin  is,  therefore,  the  choline  salt  of  this  oomponnd. 
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I.  8ATTTBATED  DIBASIC  ACIB8,  CnHtn-.O^. 

163.  Many  isomers  of  the  acids  C„H,n(COOH),  are  theoretically 
possible,  and  differ  from  one  another  in  the  positions  at  which 
the  carboxyl-groups  are  linked  to  the  carbon  chain.  For  many 
reasons,  the  most  important  are  those  whose  carboxyl-groups  are 
in  union  with  the  termmal  carbon  atom  of  the  normal  chain, 
the  (vo^'-acids  (154).  On  this  account,  these  will  bè  described 
here. 

The  general  methods  for  the  preparation  of  the  dibasic  and  the 
monobasic  acids  are  analogous.  The  former  are  produced  by  the 
oxidation  of  the  corresponding  glycols  and  aldehydes,  and  by  the 
hydrolysis  of  the  dinitriles,  although  many  of  them  are  prepared 
by  special  methods. 

Physical  and  Chemical  Properties. 

164.  These  acids  are  well-defined  crystalline  substances;  those 
containing  more  than  three  carbon  atoms  can  be  distilled  in  vacuo 
without  decomposition.  Many  of  them  split  off  water  when  dis- 
tilled under  ordinary  pressure. 

The  melting-points  of  these  acids  exhibit  the  same  peculiarity 
as  those  of  the  fatty  acids  (87) ;  the  members  containing  an  even 
number  of  carbon  atoms  have  higher  melting-points  than  those 
immediately  succeeding  them,  with  an  uneven  number  of  carbon 
atoms.     This  is  seen  from  the  table  on  p.  189. 

This  relation  is  graphically  represented  in  Fig.  31,  from  which 
it  is  seen  that  the  melting-points  of  the  even  and  uneven  series 
r  approximate  more  and  more  closely  as  the  number  of  the  carbon 
atoms  increases. 

A  similar  peculiarity  is  displayed  in  the  solubility  of  these  acids 
in  water,  given  in  the  last  column  of  the  table.  The  solubility  of 
the  acids  with  an  uneven  number  of  carbon  atoms  is  much  greater 
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Name. 

Formula. 

MeJiing. 
point. 

Parte  by  Weisrht  Soluble 
m  100  Parts  of  Water. 

Oxalic  acid 

COOHCOOH 

COOH.CIUCOOH 

C00h.(CH,),.C00H 

COOH.(CH,),.COOH 

COOH.(CH.),.COOH 

COOH.(CH.)..COOH 

COOH.(CH.)..COOH 

COOH.(CH,),.COOH 

COOH.(CH,),.COOH 

COOH.(CH,),».C0OH 
COOH.(CH,)n.COOH 

C0OH.(CH,)i«-C0OH 

189**» 
182' 
182' 
97.5'* 
149'» 
lOS** 
UV 
108' 
188' 

125» 
112*» 

128- 

10-2    at  20* 

MaloDicacid 

Succinic  acid 

Olutaricacid 

Adipicacid 

18937  „  15" 
5.14  ,.  14.5' 
80.8     „14" 
1.44  ..  15" 

Pimelic  acid 

Suberic  acid 

Azelalcacid 

4.1     ,.20' 
0.142,.  15.5' 

Sebacicacid 

Decamethjlene- 

dicarboxylic  acid . . 

Brassjlic  acid 

Dodecamethylene- 

dicarboxylic  acid . . 

0.1     „  17* 

*  Anhydrous  oxalic  acid. 

than  the  solubility  of  those  with  an  even  number,  and  it  diminishes 
in  both  cases  as  the  number  of  carbon  atoms  increases. 

Oxalic  acid  is  a  very  much  stronger  acid   than  its   higher 
bomologues,  as  is  shown  by  the  dissociation  constants.    For  oxalic 
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acid  JT  is  about  10.0,  for  malonic  acid,  0.163,  and  for  succinic 
acid,  0  0065;  for  the  remaining  acids  it  has  values  which  diminish 
with  increase  in  the  number  of  carbon  atoms,  but  are  of  the  same 
order  as  the  last  number.  The  further  the  carboxyl-groups  are 
removed  from  each  other,  the  weaker  is  the  acid. 
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OxaUc  Acid,  C,H,0,  +  2H,0. 

166.  Between  oxalic  acid  and  formic  acid  there  exists  a  genetic 
interdependence;  it  is  possible  to  prepare  formic  acid  from  oxalic, 
or  conversely,  oxalic  from  formic  acid.  On  rapidly  heating  potas- 
sium or  sodium  formate,  hydrogen  is  evolved  from  the  fusing 
mass,  and  potassium  or  sodium  oxalate  is  formed : 


KOOC 
KOOC 


KOOC 
KOOC 


The  reverse  transformation  of  oxalic  into  formic  acid  has  already 
been  described  (158),  and  constitutes  the  ordinary  method  for  the 
preparation  of  formic  acid. 

Oxalic  acid  is  frequently  produced  by  the  oxidation  of  organic 
substances  with  nitric  acid;  thus,  it  is  formed  by  the  action,  of 
this  acid  on  sugar.  It  is  prepared  on  the  manufacturing  scale 
by  heating  a  mixture  of  caustic  potash  and  caustic  soda  to  the 
point  of  fusion  along  with  sawdust.  A  formate  is  produced  as 
an  intermediate  product,  and,  on  further  heating,  loses  hydrogen, 
and  is  converted  into  an  oxalate.  After  cooling,  the  mass  is 
lixiviated  with  water,  the  oxalate  going  into  solution;  the  oxalic 
acid  is  then  precipitated  as  calcium  oxalate  by  the  addition  of  milk 
of  lime,  and  finally  obtained  in  the  free  state  by  the  action  of  sul- 
phuric acid. 

The  production  of  this  acid  by  the  interaction  of  carbon  dioxide 
and  potassium  or  sodium  at  about  360°,  and  its  formation  by  the 
hydrolysis  of  cyanogen  gas,  CN-CN,  are  of  theoretical  impor- 
tance. 

Oxalic  acid  is  found  in  nature  in  different  plants,  chiefly  in 
species  of  oxalis^  in  the  form  of  potassium  hydrogen,  or  calcium, 
salt.  It  is  sometimes  found  as  a  crystalline  deposit  of  calcium 
oxalate  in  plant -cells.  It  crystallizes  with  two  molecules  of  water 
of  crystallization,  which  it  begins  to  lose  at  30°.  The  anhydrous 
acid  can  be  sublimed  by  careful  heating,  but  when  strongly  heated, 
either  alone  or  with  concentrated  sulphuric  acid,  decomposes  into 
00,,  CO,  and  H,0.  The  same  decomposition  takes  place  when 
a  solution  of  uranium  oxalate  is  exposed  to  sunlight,  CO  and  CO 
being  energetically  evolved.     Oxalic  acid  is  very  easily  oxidized;  a 


ox M LIC  ACID,  191 

Yolnmetric  method  for  its  estimation  depends  upon  the  use  of 
potassium  permanganate  in  sulphuric-acid  solution,  each  molecule 
of  oxalic  acid  requiring  one  atom  of  oxygen : 

0,H,0,  +  0  =  2C0, +H,0. 

The  oxidation  with  permanganate  takes  place  in  acoordance  with 
the  equation  : 

2KMn04  +  50,H,04  +  8H,S04=  KtSO*  +  aMnSO*  +  lOCO,  +  8H,0. 

The  manganese  sulphate  formed  has  a  catalytic  accelerating  acJ;ion 
on  the  process,  so  that,  although  the  first  few  drops  of  permanganate 
solation  are  very  slowly  decolourized,  after  some  more  permanganate 
has  been  added,  the  disappearance  of  the  colour  is  instantaneous. 
When  manganese  sulphate  is  added  to  the  oxalic-acid  solution  before 
the  titration,  the  permanganate  is  at  once  decolourized. 

Only  the  salts  of  the  alkali-metals  are  soluble  in  water.  Calcium 
oxalate,  CaC,0^,2aq  is  insoluble  in  acetic  acid,  but  soluble  in 
mineral  acids  (**  Inorganic  Chemistry,''  259);  its  formation  serves 
as  a  test  both  for  calcium  and  for  oxalic  acid.  As  a  dibasic  acid, 
oxalic  acid  pelds  both  acid  and  neutral  salts,  and  the  so-called 
guadroxalaies  are  known — compounds  of  one  molecule  of  acid  salt 
with  one  molecule  of  acid.  Among  them  may  be  mentioned  "  salt 
of  sorrel,''  KHC^O^  +  H,C,0^  +  2aq.  A  great  number  of  complex 
salts  of  oxalic  acid  are  known,  many  of  which  are  soluble  in  water. 
They  are  employed  in  electrolytic  methods  of  analysis. 

A  type  of  these  is  potassium  ferrous  oxalate^  EtFe(C«04)s,  whose 
solution  has  a  yellow  colour,  and  therefore  contains  a  complexion, 
probably  (Fe(OsO«>a)",  since  ferrous  salts  are  usually  light-green. 
Potassium  ferrous  oxalate  is  a  strong  reducing-agent ;  it  is  used  for 
the  development  of  photographic  plates. 

Potctssium  ferric  oxalate^  KsFeCdO^)!,  yields  a  green  solution,  which 
must,  therefore,  also  contain  a  complex  ion,  possibly  (Fe(C«04)s/".  Its 
solution  is  rapidly  reduced  by  sunlight,  in  accordance  with  the  equa- 
tion 

2K,Fe(C,04).  =  2K,Fe(C,0«),  +  K.CaO*  +  2C0.. 

This  property  is  made  use  of  in  the  preparation  of  platinotypes. 
The  photographic  negative  is  placed  upon  a  sheet  of  paper  saturated 
with  potassium  ferric  oxalate;  reduction  to  ferrous  salt  only  takes  place 
where  the  light  is  transmitted  through  the  negative,  and  when  the 
paper  is  placed  in  a  solution  of  a  platinum  salt,  the  metal  is  only  de- 
posited on  the  parts  coated  with  potassium  ferrous  oxalate. 
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The  following  derivatives  of  oxalic  acid  are  worthy  of  mention. 
The  dimethyl  ester  is  solid,  M.  P.  54°^  and  is  used  in  the  prepara- 
tion of  pure  methyl  alcohol;  the  diethyl  eater  is  a  liquid.  Both 
are  prepared  by  distilling  a  solution  of  anhydrous  oxalic  acid  in 
the  absolute  alcohol.  The  amide,  oxamide,  CONH,-CONH,,  is  a 
white  solid,  nearly  insoluble  in  water,  alcohol,  and  ether,  and  is 
obtained  as  a  crystalline  precipitate  by  the  addition  of  ammonia  to 
a  solution  of  a  dialkyl  oxalate. 

The  monoamides  of  the  dibasic  acids  are  called  amic  acids,  that 
of  oxalic  acid  being  oxamic  acid^  CONH,-COOH.  It  is  a  crystal- 
line compound,  readily  soluble  in  cold  water,  and  insoluble  in  alcohol. 

Malonic  Acid,  COOH-CH^COOH. 

166.  The  constitution  of  malonic  acid  is  proved  by  its  synthesis 
from  monochloroacetic  acid.  When  an  aqueous  solution  of  potas- 
sium monochloroacetate  is  boiled  with  potassium  cyanide,  cyano- 
acetic  acid  is  formed,  and  can  be  converted  into  malonic  acid  by 
hydrolysis  of  the  nitrile-group: 

P^  ^  CI  _^  p^  ^.  CN        _^cjT  ^  COOH 

Monochloroacetic  aold      Cyanoacetlc  add  Malonic  acid 

Malonic  acid  is  a  crystalline  substance;  its  physical  properties 
will  be  found  in  the  table  on  page  189.  When  heated  a  little  above 
its  melting-point,  it  loses  one  molecule  of  carbon  monoxide,  being 
converted  into  acetic  acid : 


COOH.CIl,.|COOlH  =  CO,-f  COOH.CH,. 

Experience  shows  that  when  compounds  in  which  two  carboxyU 
groups  are  in  union  with  one  carbon  atomy  are  heated  above  their 
melting-points,  each  molectile  loses  one  molecule  of  carbon  dioxide. 

The  most  important  compound  of  malonic  acid  is  its  diethyl 
ester,  on  account  of  the  many  important  syntheses  which  can  be 
accomplished  by  its  aid.  It  is  a  liquid  of  faint  odour,  boiling  at 
198°,  and  having  a  specific  gravity  of  1-061  at  15°.  On  treatment 
with  sodium,  in  the  proportion  of  one  atom  to  each  molecule  of 
ester,  hydrogen  is  evolved,  and  the  malonic  ester  converted  into  a 
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solid  maas.     In  this  reaction,  hydrogen  is  replaced  by  sodium, 
yielding  sodiomalanic  eatery  a  comppond  of  the  structare 

COOC,H, 
CHNa  . 
COOC,H, 

This  is  proved  by  treating  it  with  an  alkyl  halide  (iodide),  by 
which  sodium  halide  and  an  ester  are  obtained : 


C,H,l4iNajCH(C00C,H,),  =  C,H,.CH(COOC,H,),  +  NaL 


On  saponification,  this  ester  yields  a  homologue  of  malonic  acid. 

If  two  atoms  of  sodium,  instead  of  one,  react  with  one  molecule 
of  malonic  ester,  two  hydrogen  atoms  are  replaced.  Both  of  these 
hydrogen  atoms  are  in  the  methylene-gronp,  because,  on  treatment 
of  the  disodio-compound  with  two  molecules  of  an  alkyl  iodide, 
the  two  sodium  atoms  are  replaced  by  alkyl,  with  production  of  a 
substance  which  on  saponification  is  conyerted  into  a  homologue 
of  malonic  acid: 

COOC^,  OOOC,H, 


C  Na,  +  2I  C,H,  =  2NaI  +  C(C,H,), 


COOCjHj  COOC,H, 

It  is  also  possible  to  introduce  two  different  alkyl-groups  into 
malonic  ester.  Thus,  when  monosodiomalonic  ester  is  treated  with 
methyl  iodide,  the  ester  of  methylmalonic  acid  is  formed,  which  on 
treatment  with  sodium  again  yields  a  sodio-compound;  this  is  con* 
Terted  by  ethyl  iodide  into  the  ester  of  ethylmethylmalonic  acid. 

It  is  evident  from  the  examples  which  have  been  given,  that, 
with  malonic  ester  as  a  starting-point,  it  is  possible  to  synthesize  a 
great  number  of  dibasic  acids.  Moreover,  since  all  these  acids 
contain  two  carboxyl-groups  linked  to  the  same  carbon  atom,  and 
have  in  common  with  malonic  acid  the  property  of  losing  CO, 
when  heated  aboye  their  melting-points,  it  is  evident  that  the 
malonic  e6t<er  synthesis  is  also  ayailable  for  the  preparation  of  the 
monobasic  fatty  acids.  For  example,  methylethylmalonic  acid 
loses  CO,  on  heating,  yielding  methylethylacetic  acid,  identical  in 
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constitation  with  active  valerio  acid  (61).    It  can  be  resolved  into 
its  two  active  components: 

COOH  COOH 

CH,.C-C,H.  =  CH,.C.C^^ 
|ÜÜÜ|H  H 

MethylethTlmalonic  Valerie  scid 

The  malonic  ester  synthesis  is  one  of  the  most  generally 
applicable  methods  for  the  preparation  of  acids,  and  it  will  be 
frequently  necessary  to  refer  to  it  later. 

X«thod  of  oarnring  out  the  maloiiie  aaUr  lyntlMdi.— This  is  always 
effected  in  the  following  way.  One  gramme-molecule  of  malonic  ester 
is  mixed  with  a  ten  per  cent,  solution  of  sodium  ethoxide  (1  equiyalent) 
in  absolute  alcohol,  obtained  by  the  action  of  sodium  on  alcohol. 
To  this  mixture  is  added  one  gramme-molecule  of  an  alkyl  iodide, 
and  the  reaction-mixture  heated  on  a  water-bath  under  a  reflux- 
condenser  until  the  liquid  is  no  longer  alkaline.  After  the  alcohol 
has  been  distilled  off,  the  residue  is  treated  with  water  to  dissolve 
the  sodium  iodide  formed,  and  the  alkyl-malonic  ester  extracted 
with  ether.  The  ethereal  solution  is  dried  over  calcium  chloride, 
the  ether  distilled  off,  and  the  residue  purified  by  fractionation. 

If  it  is  desired  to  introduce  two  alkyl-gronps  or  other  groups,  this  is 
accomplished  by  employing  two  equivalents  of  sodium  ethoxide,  and 
two  gramme-molecules  of  an  alkyl  iodide.  When  two  different  groups 
are  to  be  substituted,  one  of  them  is  first  introduced  into  the  molecule, 
and  on  subsequent  treatment  with  a  second  gramme-molecule  of  sodium 
ethoxide  and  of  alkyl  iodide,  the  dialkyl-malonic  ester  is  produced. 
In  both  these  cases,  the  remainder  of  the  process  is  identical  with  that 
described  above. 


Succinic  Add,  COOH- CH,.CH,. COOH. 

167.  Succinic  acid  is  a  crystalline  substance,  melting  at  182"^, 
and  dissolving  with  difficulty  in  cold  water.  It  is  present  in 
amber,  in  fossilized  wood,  and  in  many  plants,  and  can  be  syn- 
thetically prepared  by  the  following  methods. 

1.  From  ethylene  bromide  by  treatment  with  potassium  cyanide, 
which  converts  it  into  ethylene  cyanide,  CN«CH,-OH,-CN;  on 
saponification,  this  yields  succinic  acid. 
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2.  From  malonic  acid  by  treating  monosodiomaloiiic  ester  with 
monochloroacetic  ester: 


(COOC,H,),OH  Na  +  Cl  H,C  •  COOO,Hj  = 


=  NaCl  +  (COOC,HJ,OH.CH,.COOC,H,. 

In  this  reaction  an  ester  of  ethaneiricarbaxylic  add  is  formed; 
when  heated  above  its  melting-point,  the  acid  corresponding  to 
this  loses  GO,  >  yielding  succinic  acid: 

CH,COOH      CH,COOH 
ICÜÜlHCHCOOH  ""CH.COOH 

Substituted  succinic  acids  can  be  obtained  in  the  same  way.  On 
the  one  hand,  starting  not  from  malonic  ester  itself,  but  from  a  mono- 
alkylmalonic  ester,  and  on  the  other,  from  an  a-halogen-substituted 
ester,  CnHaii+i*CHCl*COOOsHft,  symmetrical  dialkylHSUccinic  acids  are 
obtained  : 


COOC,Hfl    yCH,                                     COOC,Hb/CH, 
[,.  C^lNa+Br  CE  ==  NaBr  +  CH,.C ^CH 


CH.^,  ...^   . .  .^_ 

^0000^5   XCOOCjHft  COOCjHgXcOOCjHs 

Sodlomethyl-  «-Bromopro- 

malonio  eater  pionlo  ester 

COOHCH, 

Saponification  yields   OHt-C OH  ;  and  finally,  splitting  off 

|CÖO|H     COOH 

CH  «OH -COOH 
CO»  gives  symmetrical  dimethylsuccinic  acid,       *  ^—  r^r^r^rr' 

Out  •  V/U  •  UUUil 
Unsymmetrioal  substituted  succinic  acids,  in  which  the  hydrogen 
atoms  of  only  one  metbylene-group  have  been  replaced,  can  be  obtained 
in  an  analogous  manner.  The  following  equations  indicate  the  method 
for  the  preparation  of  unsymmetrical  dimethylsuccinic  acid: 

yCH. 


(0OO0A)2CH  Na  +  Br  .C^OOOCHj  = 
Nppr, 


CH, 


Sodiomalonio  ester 

«-Bromoiaobi|t3rrio 


=  NaBr  +  (COOC,H6),OH-C^Co6cA;-^ 

\CHa 
COOH  CH,  CH, 

-»  6h Ó— COOH  -»  COOHCH,— C— COOH 

'CÜOlHÓH,  CH, 

Suocinic  acid,  and  symmetrical  substituted  succinic  acids,  can 
also  be  obtained  by  the  action  of  an  ethereal  solution  of  iodine  or 
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bromine  upon  monoBodiomalonic  ester,  or  its  monoalkyl-deriya* 
tiyes: 

COOC,H, COOC,H,        COOC,H,    COOC,H, 

A'ClNa        +I,+Na|C'A^        =A-Ó C-A'        +2NaI. 


COOC,Hj  ÓOOC.H,         COOC,H,    COOC,Hj 

A  s  Hydrogen  or  «Ikyl  TOtracarboxjlio  ester 

By  saponification,  and  elimination  of  CO, ,  the  ester  formed  is  con- 
yerted  into  the  desired  compound : 

Olutario  Acid,  COOH  •  CH,  •  CH,  •  CH,  •  COOH. 

168.  Glutaric  acid  can  be  synthesized  by  a  method  which  famishes 
an  example  of  another  type  of  malonio  ester  synthesis.  It  is  obtained 
by  the  action  of  two  molecules  of  monosodiomalonic  ester  on  one  mole- 
cule of  methylene  iodide,  saponification  of  the  product,  and  splitting 
off  200s : 


L    (COOC.H.).CH  Na  -f  I  -OH..  I  +  Na[  CH(COOC.H.),  = 


=  (COOC,H0.CH.OH..CH(COOC,H,)t. 
II. 


COOH     COOH 

OH,.  COOH 

OH.CH,.CH      -» 

OH. 

COO|H  iooo|h 

OH,. COOH. 

By  using  ethylene  bromide,  or  trimethylene  bromide,  instead  of 
methylene  iodide,  the  two  malonio-acid  residues  can  be  joined  to- 
gether in  an  analogous  manner  through  a  chain  of  two  or  three 
methylene-groups,  and  the  higher  a>09'-dicarboxylic  acids  obtained  by 
splitting  off  200t. 

Slectro-synthesis  of  Dibasic  and  Other  Acids. 

When  the  aqueous  solution  of  an  ester-salt  of  a  dibasic  acid  is 
electrolyzed,  the  metallic  ion  goes  to  the  cathode^  the  anion  to  the 
anode: 

Anion  CSation 

C,H,O-OC.CH,.0O6'   K  '. 

Potassium  ethyl- 
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This  anion,  however,  is  not  stable;  after  being  discharged  at  the 
anode,  it  decomposes  into  carbon  dioxide  and  C^HjOOC-CH,— , 
and  two  of  these  residues  unite  to  form  succinic  ester: 

C,H,OOC .  OH,-CH, .  COOC,H,. 

By  this  method,  it  is  possible  to  synthesize  the  higher  dibasic 
at^ids  from  the  lower. 

IIoFER  has  devised  a  very  suitable  apparatus  (Fig.  32)  for 
this  electro-synthesis.  It  consists  of  two  glass  vessels,  which  can  be 
joined  at  (7Z>,  their  contents  being  separated  at  this  point  by  a 
sheet  of  parchment-paper.  B  is  partially  filled  with  a  concentrated 
sohition  of  the  ester-salt,  and  A  with  a  solution  of  potassium  car- 
bonate, since  it  is  only  at  the  anode  that  the  desired  action  takes 
place.  The  gases  evolved  can  escape  through  E  and  Fy  which 
serve  at  the  same  time  for  the  introduction  of  the  electrodes.  The 
tap-funnel    O  contains  more  of  the  solution  of  the   esternsalt. 


Pio.  82. — HoFER*s  Apparatus  for  ELECTRo-STirrHBSis. 

During  the  electrolysis  the  tap  is  opened,  which  causes  the  solu- 
tion to  circulate  slowly  through  the  apparatus,  local  secondary 
actions  at  the  anode  being  thus  avoided.  When  H  is  full,  its  con- 
tents are  poured  back  into  the  tap-funnel.  To  prevent  rise  of 
temperature  in  the  solution,  due  to  the  action  of  the  electric  cur- 
rent, the  whole  apparatus  is  placed  in  water.     It  will  be  observed 
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from  the  figure  that  the  anode  is  yery  small.  This  is  to  obtain  at 
it  a  high  density  of  the  electric  current;  that  is,  the  quantity  of  elec- 
tricity (ampères)  which  leaves  the  electrode  per  unit  of  surface. 
As  the  quantity  of  anions  discharged  at  the  anode  is  proportional 
to  the  number  of  amperes  of  the  current,  it  is  clear  that  a  high 
density  of  current  causes  a  great  many  discharged  anions  to  be 
present  at  the  anode,  this  being  most  fayourable  for  their  inter- 
action. 

This  synthesis  of  dibasic  acids  is  an  extension  of  an  electro- 
synthesis  carried  out  long  ago  by  Eodbe.  He  showed  that,  on 
electrolysis,  a  solution  of  potassium  acetate  yields  ethane: 


CH,|COO      K  CH, 

CH,|COO      K     ""  CH.' 

Anion  Cation 

Besides  this  extension,  many  others  are  known,  of  which  one  may 
be  mentioned  here. 

A  mixture  of  a  salt  of  a  monobasic  fatty  acid  and  of  an  ester- 
salt  gives,  at  the  anode,  the  ester  of  a  monobasic  acid : 

CH,lCOO|K  +  KiOOC|CH,CH,CCOO,H*- 

Potanium  acetate  Potassium  ethyl  succinate 

->  CH,CILCH,COOC,H,. 

Ethyl  butyrate 

Ponnation  of  Anhydrides. 

169.  Oxalic  and  malonic  acids  do  not  yield  anhydrides,  while 
succinic  acid,  C^H,0^,  and  glutaric  acid,  C^HgO^,  can  be  made  to 
do  so  very  readily.  The  formation  of  anhydride  is  due  to  the 
splitting-ofl  of  one  molecule  of  water  from  one  molecule  of  the 
dibasic  acid,  this  being  proved  by  a  determination  of  the  molecular 
weights  of  the  anhydrides: 

CH,— COOIH  CH,— COv 

I  '    -H,0     =      I  No 

CH,— CO|OH  CH,— CO/ 

Succinic  anhydride 

\CII,— CO|OH  \CH.— CO/ 

Glutaric  anhydride 

These  anhydrides  are  rapidly  reconverted  into  the  corresponding 
dibasic  acids  by  dissolving  them  in  water. 


CLOSED-CHAIN  COMPOUNDS.  199 

OH,.  CO 
A  deriyatiye  of  succinic  acid,  succinimide,  1  >NH,  con- 

CH,-CO 

tains  a  closed  chain  with  four  carbon  atoms  and  one  nitrogen  atom; 
it  is  formed  by  the  rapid  distillation  of  ammonium  succinate.  The 
atoms  situated  at  the  extremities  of  a  carbon  chain  containing  four 
or  five  C-atoms  react  very  readily  with  one  another;  those  in 
shorter  chains  only  react  with  difficulty^  or  not  at  all.  Analogous 
phenomena  were  alluded  to  in  connection  with  the  splitting- 
off  of  one  molecule  of  water  from  the  o^o^^-glycols  (156)^  and  the 
elimination  of  ammonia  from  o^o^^-diamines  (162).  In  both  these 
instances  the  splitting-off  is  very  easily  effected  from  a  carbon 
chain  of  four  or  five  O-atoms,  but  is  not  possible,  or  leads  to  the 
formation  qf  yery  unstable  compounds,  when  the  chain  is  shorter. 
It  will  be  necessary  later  to  refer  to  other  examples  of  the  same 
phenomenon,  of  which  a  satisfactory  explanation  may  be  arrived 
at  by  a  consideration  of  the  direction  of  the  bonds  in  space.  It 
was  assumed  (53)  that  the  four  affinities  of  the  carbon  atom  are  so 
directed  that  they  may  be  regarded  as  lying  towards  the  angles  of 
a  regular  tetrahedron,  of  which  the  carbon  atom  is  the  centre. 
In  the  case  of  a  single  bond  between  two  carbon  atoms,  it  is 
assumed  that  one  affinity  of  each  of  these  atoms  is  linked  to  one 
affinity  of  the  other  (Fig.  33,  p.  200).  The  position  in  space  of 
the  C-atoms  in  a  chain  of  three  or  more  members,  and  the  direc- 
tion of  their  affinities,  are  represented  in  the  figure. 

It  will  be  seen  from  this  that  in  a  normal  chain  of  four 
C-atoms,  the  affinities  situated  at  the  extremities  approach  one 
another  closely,  and  in  a  chain  of  five  0-atoms  they  approach  still 
more  closely,  so  that  they  are  able  to  enter  into  reaction  with  one 
another. 

A  few  instances  of  compounds  with  a  closed  chain  containing 

CH,.CH„ 
only  two  0-atoms,  such  as  ethylene  oxide,     \/         are  known. 

The  figure  shows  that  the  direction  of  the  affinities  must  undergo 
a  considerable  change  to  render  possible  the  closing  of  the  chain. 
Experience  shows  that  compounds  of  this  kind  are  unstable,  the 
closed  chain  being  very  easily  converted  into  an  open  one,  as  is  in- 
dicated by  the  ^*  tension  theory  ^^  of  Baeyeb  (129). 
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K^ 


\^ 


Fig.  38. — Spacial  Keprbsbntation  of  thb  Bonds  betwbbn  d-5 

C-ATOM8. 

Saponiflcatioii  of  the  Esters  of  the  Dibasic  Adds. 

It  was  stated  (169)  that  the  esters  of  a  polyhydrio  alcohol  are 
saponified  in  stages,  tristearin,  for  instance,  yielding  first  distearin 
and  then  monostearin.  The  saponification  of  the  esters  of  the  poly- 
basic  acids  takes  place  similarly;  thus,  ethyl  succinate  decomposes  as 
follows : 

I.  C,H,(COOC,H,),  +  2NaOH    =    C^»H,<^^^^^^  +C,H50H+NaOH. 

II.  C,H,  <^^^^  +NaOH  =   C,H4(C00Na),+CA0H. 

In  this  reaction  the  acid  ester-salt  is  first  formed,  and  is  afterwards 
converted  into  succinic  acid.  Reichbr  has  shown  that  the  velocity 
constant  (101)  for  the  saponification  of  ethyl  succinate  by  caustic  soda 
has  a  different  value  at  different  stages  of  the  reaction,  being  less  at 
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the  end  than  at  the  banning.  The  reaction  at  first  takes  place  chiefly 
according  to  the  first  equation,  and  finally  according  to  the  second  ; 
this  affords  a  satisfactory  explanation  of  the  Tarying  value  of  the 
Yelodty  constant. 

n.  üirSATlTBATED  DIBASIC  ACIIW. 

Fmnario  and  Maleic  Acids,  G4H4O4. 

170.  The  most  important  members  of  the  group  of  unsaturated 
dibasic  acids  are  fumaric  acid  and  maleic  add,  both  of  which 
have  the  formula  C^H^O^.  They  have  been  made  the  subject 
of  numerous  investigations,  a  complete  explanation  of  their 
isomerism  having  been  finally  arrived  at  by  an  application  of  the 
principles  of  stereoisomerism. 

Fumaric  acid  is  somewhat  widely  disfributed  in  the  vegetable 
kingdom.  It  does  not  melt  at  the  ordinary  pressure,  but  sub- 
limes at  about  200°;  it  dissolves  with  difficulty  in  water.  Maleic 
acid  is  not  found  in  nature;  it  melts  at  130°,  and  is  very  readily 
soluble  in  water. 

Both  acids  can  be  obtained  by  heating  malic  acid, 
COOHCHOH.CH, .  COOH, 
the  particular  one  formed  being  dependent  on  the  way  in  which 
the  heating  is  effected.  Fumaric  acid  is  the  principal  product 
when  the  temperature  is  maintained  at  140°-150°  for  a  long  time, 
hut  when  a  higher  temperature  is  employed,  and  the  heating  is 
quickly  carried  out,  the  anhydride  of  maleic  acid  distils  over  along 
vrith  water.  This  anhydride  easily  takes  up  water,  regenerating 
the  acid.  This  is  the  ordinary  method  for  the  preparation  of  these 
acids,  and  it  indicates  that  both  have  the  same  structural  formula: 

COOHCHCH-COOH-H,0  =  COOH -CHrCH- COOH 


OH  H 


This  view  of  their  constitution  is  supported  by  the  fact  that  both 
acids  yield  succinic  acid  on  treatment  with  sodium  amalgam  and 
water,  monobromosuccinic  acid  by  addition  of  HBr,  and  malic  acid 
by  heating  with  water  at  a  high  temperature.  Both  acids  have 
therefore  the  same  constitutional  formula, 

COOH.  CH:CH.  COOH. 
Similar  isomerism  of  the  crotonic  acids  (148)  has  been  men- 
tioned.     We  shall  now  consider    how  this    isomerism   can  be 
explained  by  the  aid  of  stereochemistry. 
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It  was  stated  in  169  that  a  single  bond  between  two  carbon 
atoms  may  bC  represented  as  in  Fig.  34.     If  the  tetrahedra  are 


H 

Fig.  84.  Fig.  85. 

Single  Bond  between  two  Cabbon  Atoms. 

drawn  in  full,  then  the  single  bond  will  be  as  represented  in 
Fig.  35.  Supposing  the  tetrahedra  are  free  to  rotate  round  their 
common  axis^  isomerism  cannot  be  expected  for  compounds 
CdbC'Odef,  nor  has  it  ever  been  observed. 


Fig.  86.  Fig.  87.  Fig. 

Oraphic  Spacial  Repbbsentation  of  the  Double  Bond  Between 
TWO  Carbon  Atoms. 

When  a  double  bond  is  present,  then  two  affinities  of  each 
carbon  atom  come  into  play,  as  graphically  represented  in  Figs. 
36,  37,  and  38.  Free  rotation  of  the  tetrahedra  in  relation  to 
one  another  is  then  no  longer  possible. 
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It  is  seen  from  the  foregoing  figares  that  difference  of  group- 
ing depends  on  tlie  position  of  the  groups  a  and  b  of  one  tetrahed- 
ron with  reference  to  the  similar  groups  a  and  h  of  the  other.  In 
one  case,  a  may  be  over  a>  and  b  over  b,  which  is  the  grouping 
in  Pig.  37;  and  in  the  other,  u  may  be  over  è,  and  }  over  a,  as  in 
Fig.  38.     This  can  be  represented  by  th^  formulas 

a—Q—b  a—C—b 

II  and  II       . 

a — C — b  b — C — a 

7ha8y  the  two  crotonic  acids  would  be 

CH,— C— H  H— C— CH, 

II  and  II 

H— C— COOH  H— C— COOH,      - 

IVanf  CU 

and  fnmaric  and  maleïc  acids  would  haye  the  formulas 

COOH— C— H  H— C— COOH 

L  II  and     II.  |i 

H— C— COOH  H— C— COOH 

3Van«  CU 

It  must  now  be  proved  which  of  these  two  formulae  belongs  to 
famaric  acid,  and  which  to  maleïc  acid. 

Maleïc  acid  yields  an  anhydride,  while  fumaric  acid  does  not 
do  80.  It  will  be  noticed  that  in  formula  II  the  carboxyl-groups 
are  in  juxtaposition  to  one  another,  but  in  formula  I  they  are  as 
far  removed  from  each  other  as  possible.  Only  in  the  acid  having 
the  m-formula  are  the  carboxyl-groups  represented  in  a  position 
to  react  readily  with  one  another: 


H-C— COO  IH  H— C— CO 


>0, 


H— C— CO|OH  H— C— CO 

MaleTo  acid  Maleto  anhydride 

from  which  it  is  assumed  that  fumaric  acid  has  the  constitution 
indicated  in  formula  I,  and  maleis-  acid  that  in  formula  II. 

Further  consideration  will  show  that  this  also  accounts  for  the 
other  known  properties  of  these  acids.  It  should  be  observed  that 
neither  formula  contains  an  asymmetric  C-atom,  so  that  neither 
optical  activity  nor  the  great  resemblance  in  such  properties  as 
specific  gravity,  melting-point,  solubility,  etc.,  due  to  tho  si  mi- 
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larity  in  internal  structure  characteristic  of  the  isomerism  occa- 
sioned by  an  asymmetric  carbon  atom^  is  to  be  expected.  Fumaric 
and  maleïc  acids  do,  in  fact,  display  great  differences  in  these 
physical  properties. 

Both  fumaric  acid  and  maleïc  acid  combine  with  bromine^  bat 
the  dibromo-addition-products  thus  obtained  are  different.  Fumaric 


HOCO 


HO'CO 


+  2Br  = 


CO-OH 

FlO.  89.— FUMABIC  ACID. 

r  CO-OH 


Fig.  40.'->Dibromosuccinic  Acid. 
^  ^"^^ CO'OH 


+  .2Br 


CO-OH 


Fig.  41. — MaleIo  Acid. 


CO-OH 


Fig.  42. — Isodibromosuccinic  Acid. 


acid  yields  dibromosuccinic  add^  soluble  with  diflSculty  in  water;  and 
maleïc  acid  isodibromosiiccinic  acid,  much  more  readily  soluble 
in  water.  A  consideration  of  Figs.  39  to  42  will  show  that  diflferent 
acids  must  result  from  this  reaction.  Figs.  40  and  42,  representing 
dibromosuccinic  acid  and  isodibromosuccinic  acid  respectively, 
cannot  be  made  to  coincide  by  rotation ;  this  is  seen  more  clearly 
from  a  comparison  of  Figs.  42  and  43.    The  latter  may  be  obtained 
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from  Fig.  40  by  rotation  of  the  upper  tetrahedron  round  the  ver- 
tical aziSy  the  position  of  the  lower  tetrahedron  remaining 
unaltered.  It  will  )>e  observed  from  the  figures  that  the  order  of 
the  groups  linked  to  both  carbon  atoms  of  the  iso-acids  is  H,  Br^ 
COOH  from  left  to  right,  and  also  for  the  lower  carbon  atom,  of 


CO^OH 


— HBr  = 


CO«OH 
Fie.  48. — D1BR0MO8UCCIN10  Acid. 


CCMIH 


CO-OH 


Fig.  44.— BromomaleIc  Acid. 


HO-CO 


— HBr  = 


CO-OH 


CO-Off 


Fie.  4S.— IflODiBBOMOSüOCiKic  Acid.    Fig.  46.— Bbomofuiüjuc  Acid. 

the  other  acid  (Fig.  40),  but  for  the  upper  carbon  atom  it  is  from 
right  to  left. 

When  HBr  is  removed  from  dibromosuccinic  acid  (Fig.  43),  the 
Il-atom  linked  to  one  carbon  atom,  and  the  Br-atom  linked  to  the 
other,  are  eliminated,  yielding  an  acid  COOH. CH:  CBr» COOH. 
This  removal  of  HBr  could  not  be  effected  if  the  tetrahedra  were 
in  the  position  shown  in  Fig.  40;  rotation  round  the  vertical  axis 
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musk  first  take  place,  so  as  to  bring  H  and  Br  into  ''correspond- 
ing ''  positions,  as  in  Fig.  43,  when  splitting  off  HBr  produces  the 
acid  represented  in  Fig.  44.  This  acid  easily  yields  an  anhydride, 
since  the  COOH-groups  are  in  the  corresponding  positions;  it  is 
therefore  bromomaleïc  acid. 

When  HBr  is  split  off  from  isodibromosuccinic  acid,  represented 
in  Fig.  45  (which  may  be  obtained  from  Fig.  42  by  rotation  in  the 
same  way  as  Fig.  43  from  Fig.  40),  an  acid  is  obtained  which 
cannot  yield  a  corresponding  anhydride,  but  is  converted  by 
removal  of  water  into  the  anhydride  of  bromomaleïc  acid.  This 
behaviour  resembles  that  of  fumaric  acid,  which,  under  the  same 
conditions,  yields  maleïc  anhydride.  This  acid  must  therefore  be 
hromofumaric  acid  (Fig.  46). 

It  will  be  seen  from  the  foregoing  that  the  constitution  assumed 
for  these  acids  on  stereochemical  grounds  does  account  for  their 
chemical  properties.  Another  example  will  be  mentioned  later 
(195),  which  also  supports  the  explanation  just  given. 

Maleïc  acid  can  be  converted  into  fumaric  acid  in  several  ways: 
by  keeping  it  for  some  time  at  a  temperature  above  its  melting- 
point;  by  bringing  it  into  contact  with  hydrogen  halides  at  ordinary 
temperatures;  by  exposing  a  concentrated  solution  of  maleïc  acid 
in  presence  of  a  trace  of  bromine  to  the  action  of  sunlight,  a 
reaction  which  takes  place  only  slowly  in  absence  of  light;  bj 
treating  the  ethyl  ester  of  maleïc  acid  with  small  quantities  of 
iodine;  or  in  other  ways.  The  ease  with  which  all  these  decom- 
positions take  place  shows  that  maleïc  acid  is  the  unstable,  and 
fumaric  acid  the  stable,  modification.  Inversely,  fumaric  acid  is 
converted  by  distillation  into  maleïc  anhydride.  The  mechanism 
of  these  reactions  is  not  fully  understood. 

The  last  reaction,  as  well  as  that  by  which  maleic  acid  is  con- 
verted into  fnmaric  acid  by  the  action  of  heat  alone,  may  be  explained 
by  the  assumption  that  an  exchange  of  hydrogen  and  carboxyl  takes 
place  at  one  of  the  doubly-linked  C-atoms: 

H— C-^COOH  H— C— COOH 

II  ->  II  . 

H— C— COOH  HOOO— 0— H 

Aoetylenedicarboxylic  Acid,  COOH  CsG- COOH. 
171.  Aoetylenedicarboxylic  acid^  the  simplest  type  of  dibasic  acids 
containing  a  triple  bond  in  the  molecule,  is  prepared  by  the  action  of 
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alcoholic  potash  on  dibromosuccinic  acid,  COOH»CHBr.CHBr.OOOH, 
a  method  of  formation  indicating  its  constitation.  The  silver  salt  of 
aeetylenedicarboxylic  acid  readily  splits  off  two  molecules  of  carbon 
dioxide,  with  production  of  silver  acetylene : 

|C^|Ag.C=C.(CÜ;;iAg  =  2C0,  +  AgOsOAg. 
Aeetylenedicarboxylic  acid  melts  at  175*,  and  yields  a  beautiful, 
crystalline  acid  potassium  salt,  which  is  soluble  with  difficulty  in 
water. 

Affinity  Constants  of  the  XTnaatnrated  Acids. 

172.  Like  the  monobasic  unsaturated  acids  (141),  the  dibasic 
unsaturated  acids  have  greater  affinity  constants  than  the  corre- 
sponding saturated  acids.  For  succinic  acid,  ^=  0'00665,  and 
for  fumaric  acid,  jr=  0-093.  The  strength  of  aeetylenedicar- 
boxylic acid  is  about  equal  to  that  of  sulphuric  acid.  Thus,  the 
presence  of  a  double  bond, 'and  even  more  of  a  triple  bond,  inten- 
sifies the  acidic  character.  For  malei'c  acid  K  =1*11^  or  about 
twelve  times  as  much  as  for  fumaric  acid.  This  shows  the  great 
influence  which  the  distance  between  the  carboxyl-groups  in  the 
ii^olecule  exercises  upon  the  strength  of  these  acids. 

17$.  Baeter  has  prepared  dibasic  acids  containing  more  than  one 
triple  bond  in  the  molecule  from  aeetylenedicarboxylic  acid.  When 
heated  with  water,  its  acid  potassium  salt  is  converted  into  the  potas- 
sium salt  of  propiolic  acid  (146),  with  loss  of  COs : 

KOOCOsClCÜilH  =  CO,  +  KOOCCsCH. 

When  the  copper  derivative  of  this  salt,  KOOC-CsCcu,  is  treated  with 
potassium  ferrioyanide  in  alkaline  solution,  CuO  is  formed,  while  the 
two  acid-residues  unite  at  the  same  time,  with  production  of  the  potas- 
sium salt  of  diacetylenedicarboxylic  acid,  KOOC-C=0— 0=C-COOK. 
The  acid  potassium  salt  of  this  acid  filso  loses  COs  easily,  and  the  cop- 
per derivative  of  the  monobasic  acid  thus  formed  is  converted  by 
similar  oxidation  into  CuO  and  the  potassium  salt  of  tetm-acetyUne- 
dicar  boxy  lie  acid: 

2KOOOCsCO=Ccu->KOOC.C=C.C=C.OsCCsOCOOK. 
These  compounds  are  very  unstable,  being  decomposed  by  the  action 
of  light,  and  in  other  ways. 

m.    POLTBASIC  ACIDS. 

174.  Acids  containing  three  carboxyl-groups  in  union  with  one 
carbon  atom  are  not  known,  except  in  the  form  of  esters.     The 
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triethyl  ester  of  methanetricarboxylic  acid  is  obtained  by  the  action 
of  chlorocarbonic  ester  (249)  on  sodiomalonic  ester: 


C,H,OOC  CI  +  Na|CH(COOC,H,),  =  C,H,OOC  •  CH(C00C,H5),. 


Chlorocarbonic 
ester 


When  this  ester  is  saponified,  CO,  is  split  off  at  the  same  time, 
malonic  acid  being  formed  instead  of  the  corresponding  tribasic 
acid.  This  is  another  instance  of  the  phenomenon  that  several 
nsgalive  groups  do  not  remain  in  union  with  07ie  carbon  atom,  two 
being  the  maximum  namber  in  the  case  of  carboxyl. 

A  description  of  the  syntheses  of  a  few  of  the  polybasic  acidff 
will  afford  examples  of  the  methods  adopted  for  the  preparation 
of  compounds  of  this  class. 

Tribasic  Acids. 

175.  A  type  of  the  tribasic  acids  is  ooaco'-propanetricar  boxy  lie 
acid,  or  tricarballylic  acid,  which  can  be  obtained  in  seyeral  ways. 

1.  From  tribromhydrin  by  treatment  with  potassium  cyanide, 
and  saponification  of  the  tricyanhydrin  thus  formed : 

CH,— CH— CH,    CH,— CH— CH,    CH,  — CH CH, 

Br   Br  Br  ""  CN   CN  CN  "^  COOH  COOH  COOH 

2.  From  malonic  ester  and  monochloroacetic  ester: 


(C,H,00C),C|Nv+2Ci|CH,   COOCjH,  = 

_  C,H,OOC    (3     CH,  •  COOC,H,      ^ ^. 
-  C,H,OOC>^<CH,  •  COOC,H,  +  ^^''^^• 

On  saponification  of  this  ester,  an  acid  is  obtained  which  on 
being  heated  loses  CO,,  with  formation  of  tricarballylic  acid: 

„^^^      CH,  •  COOH  CH,  •  COOH 

^       Hl(Trl^^  ^      ^^  -COOH 

'    '   '     CH,-COOH  CH,-COOH 

3.  From  monochlorosuccinic  ester  and  malonic  ester: 


(C.H.OOC).CH|m+Ci|CHCOOC,H.  _  ^«01  +  CH-^COOC  H  ^' 

CH,COOC,H, 


CH,-COOC,H. 


Monochlorosuccinic  ester 
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When  the  ester  thus  obtained  is  saponified^  CO,  is  split  off,  with 
formation  of  tricarballylic  acid. 

4.  A  synthesis  peculiar  to  the  polybasic  acids  consists  in  the 
addition  of  sodiomalonic  ester  to  the  esters  of  unsaturated  acids, 
such  as  fumaric  acid : 

NaCHCOOC^. 
Na  CHCOOC,H-  I 

I  +11  '    *=       CHCOOC,H, 

HC(COOC,H,),      CH-COOC,H,  I 

'    '  *  '   '  CH(COOC,H,), 

Saponification,  with  subsequent  splitting  off  of  CO,,  yields  tri- 

"carballylic  acid.     It  melts  at  166®,  and  is  easily  soluble  in  water.    . 

Aconitic  acid,  M.P.  191°,  is  a  type  of  an  unsaturated  trihasic 

acid.    It  is  obtained  from  citric  acid   (198)  'by  the  elimination 

of  water    by  heating.      The    constitution    of    aconitic   acid  is 

CH=C CH, 

COOH  COOH  COOH' 

since  on  reduction  it  is  converted  into  tricarballylic  acid. 

Tetrabasic  Acids. 

176.  Some  examples  of  the  synthetic  methods  employed  in  the 
preparation  of  the  tetrabasic  acids  have  been  already  mentioned 
in  connection  with  the  syntheses  of  dibasic  and  tribasic  acids  by 
means  of  malonic  ester.  In  these  reactions  the  tetrabasic  acids 
are  often  formed  as  intermediate  products,  being  converted  by 
splitting  off  one  or  two  molecules  of  carbon  dioxide  into  tribasic 
and  dibasic  acids  respectively.  This  reaction,  however,  always 
yields  acids  containing  two  carboxyl-groups  in  union  with  one  car- 
bon atom.  Goafioo'-Butanetetracarhoxylic  acid,  in  which  only  one 
carboxyl-group  is  linked  to  each  carbon  atom,  can  be  obtained  by 
splitting  off  2CO,  from  a  hexabasic  acid,  Goa^P^Go'-butanehexacar- 
boxylxc  acidy  which  is  itself  obtained  by  the  action  of  iodine  on 
Bodioethanetricarhoxylic  ester  (167): 

CH,.COOC,H, 

^       (C,H,OOC),CiNa  ,   Na|C(COOC,H,),         C(COOC.H,), 

C,H,OOC  •  CH,  I  Jj     CH,  •  COOC,H,       C(COOC,H,), 

Sodioethanetrlcarbozylic  ester  '        J 

CH,COOC,H, 
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CH, C C CH. 

II.  I  ._/\  /\  I 

COOH|CO,|H     COOH|CO,(H     COOHCOOH 

Ma,^2M'•Butanehexacarboz}iic  add 

CH,— CH CH CH, 

~*  COOH  COOH  COOH  COOH 

uafit*-  Butaofltetrftparboxy lic  acid 


Higher  Folybasic  AoicU. 

177.  The  kst  example  shows  how  it  is  possible  to  obtain  higher 
members  of  the  series  of  polybasic  acids.  In  general^  the  hydrogen 
atom  in  the  esters  of  acids  containing  a  carbon  atom  in  union  with 
two  carboxyl-groaps  and  one  hydrogen  atom,  is  replaceable  by 
sodium.  When  a  sodium  compound  of  this  kind  is  treated  with  a 
halogen  derivatiye  of  a  polybasic  acid,  a  higher  polybasic  acid  is 
formed,  the  same  effect  being  produced  by  means  of  iodine,  which 
causes  the  union  of  two  molecules.  These  reactions  afford  a 
means  of  synthesizing  numerous  polybasic  acids,  the  ester  of  even 
a  14-ba8ic  acid  having  been  thus  obtained. 
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I.    HALOOEH-SÏÏBSTITÜTED  ACIDS. 

178.  The  halogen-substituted  acids  can  be  obtained  by  the  direct 
action  of  chlorine  or  of  bromine  upon  the  saturated  fatty  acids, 
but  this  process  is  not  very  satisfactory.  The  monochloro- 
acids  and  monobromo-acids  can  be  better  prepared  by  the  action 
of  chlorine  or  bromine,  not  upon  the  acid,  but  upon  its  chlor- 
ide or  bromide.  The  process  is  carried  out  by  treating  the 
acid  with  phosphorus  and  a  halogen,  the  phosphorus  halide  pro- 
duced reacting  with  the  acid  to  form  an  acid  chloride  or  bromide, 
B-COX,  which  is  then  attacked  by  the  excess  of  halogen  present. 

Some  acids  cannot  be  brominated  in  this  way:  for  example, 

trimethylacetic  acid,    (CH,),C-COOH,   and    tetramethylsuccinic 

(CH,),C.COOH 
acid,  .     In  these  acids  there  is  no  hydrogen  in 

(CH,),C.COOH  ^      ^ 

union  with   the   a-carbon    atom,   which    is   directly  linked    to 

carboxyl.     As  a  general  rule,  it  is  only  possible  to  brominate  acids 

of  which  the  a-carbon  atom  is  linked  to  hydrogen,  the  acids 

formed  being  called  a-bromo-acids..    The  constitution  of  these  is 

proved  by  converting  them  into  hydroxy-acids  (182),  which  are 

shown  to  be  a-compounds  through  their  synthesis  by  another 

method. 

Halogen-substituted  acids  can  also  be  prepared  by  addition  of 
hydrogen  halide  or  halogen  to  the  unsaturated  acids,  or  by  the  action 
of  phosphorus  halides  on  the  hydroxy-acids.  The  iodinated  acids 
can  sometimes  be  advantageously  obtained  from  the  correspondiug 
chlorinated  derivatives  by  heating  them  with  potassium  iodide. 

The  introduction  of  halogen  into  the  molecule  causes  a  marked 
increase  in  the  strength  of  an  acid,  as  will  be  seen  from  the  table 
on  next  page  of  dissociation  constants,  K. 
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Name. 

Formula. 

K. 

Acetic  Acid 

CH,.CO,H 

CH.Cl  GO,H 

CH.Br-CO.H 

CH.ICOaH 

CHC1,.C0,H 

CCi,.CO,H 

CH,.CHt.CO,H 

CH,I.CH,.CO,H 

0-0018 

Monochloroacetic  Acid 

0»155 

Monobromoacetic  Acid • 

0-188 

MoDoiodoacetic  Acid • 

0-075 

Dicbloroacetic  Acid 

Trichloroacetic  Acid 

5.14 
121 

Propionic  Acid 

0-00134 

/tf-Iodopropionic  Acid 

0*0090 

This  table  shows  that  the  strength  of  an  acid  is  increased  to  a 
greater  extent  by  chlorine  than  by  bromine,  and  by  bromine  than 
by  iodine,  and  that  the  introduction  of  more  than  one  chlorine 
atom  occasions  a  marked  increase  in  the  strength  of  the  acid.  The 
position  of  the  halogen  atom  also  exerts  an  influence;  for  iodoacetic 
acid,  in  which  the  I-atom  occupies  the  «-position,  the  value  of  the 
constant  is  32  times  as  great  as  that  for  acetic  acid,  while  for 
/?-iodopropionic  acid  K  is  only  7  times  as^  great  as  for  propionic 
acid. 

The  influence  of  the  carboxyl-groups  upon  the  halogen  atoms 
is  such  that  the  properties  of  the  inonohahge^i-suhstituted  acids 
depend  chiefly  upon  the  relative  position  of  the  halogen  atom  and 
the  carboxyl-group. 

On  boiling  with  alkalis,  the  a-halogen-substituted  acids  are 
easily  converted  into  the  ar-hydroxy-acids  by  exchange  of  halogen 
for  hydroxyl: 

CH,C1.C00H  +  KOH  =  KCT  +  CH,OH-COOK. 

MoDochloroacetic  acid  Potaaaiwn  glycolUte 

Under  the  same  treatment,  the  y5-halogen-substituted  acids 
split  off  hydrogen  halide,  with  formation  of  unsaturated  acids  : 

CH,.CHC1.CH,.C00H  =  CH,.CH:  CH-COOH  +  HCl. 

^•Chlorobutyric  acid  Crotonic  acid 

The  bebaviour  of  tbe  /^-balogen-substituted  acids  wbeo  treated  with 
sodium  carbonate  is  very  characteristic;  wben  tbey  are  wanned  with 
an  aqueous  solution  of  it,  not  only  is  bydrogeu  balide  eliminated  from 
tbe  molecule,  but  COs  is  split  off  at  the  same  time,  with  formation  of 
an  unsaturated  hydrocarbon : 
/CH, 


CH,.CH-CH|COJNa 


Br 


=  OH,-CH:CH.CH,  +  NaBr  +  CO,. 
Butylene 
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On  boiling  with  water  or  with  an  alkali-carbonate,  the  ^-halogen- 
substitnted  acids  readily  split  off  HX,  forming  a  peculiar  class  of 
compounds  known  as  lactones  (183  and  188) : 

CH3  •  CH  •  CH,  •  CH,  •  CO-*CH,  •  CÏÏ  •  CH,  •  CH,  •  CO 
Br  Hi  >  (!)  I (!) 


ValerolactODo 


Chloroacatic  Aoids. 

179.  Monochlorodcetic  acidy  CH,C1-C00H,  is  obtained  by  the 
^tion  of  chlorine  upon  acetic  acid,  in  presence  of  sulphur  as  a 
chlorine-carrier.  It  is  a  crystalline  solid,  melting  at  63*^.  Dichloro- 
^tic  acid,  CHC1,.C00H,  and  trichloroacetic  acid,  CC1,.C00H, 
^  best  prepared  from  chloral  (204).  Trichloroacetic  acid  is 
^iistable,  and  is  decomposed  on  boiling  with  water  into  carbon 
^^^xide  and  chloroform : 

CCl,.|eü;|H  =  CC1,H  +■  CO,. 

^*VVft  is  another  example  of  the  fact  that  "  loading''  a  carbon  atom 
^\t\l  negative  elements  and  groups  makes  the  compound  in  which 
it  is  contained  unstable. 

/5-Iodopropionic  Acid,  GH,ICH,.GOOH. 

180.  /3-Iodopropiontc  acid  is  sometimes  used  in  syntheses,  and 
is  therefore  of  some  importance.  It  forms  well-defined  crystals, 
slightly  soluble  in  cold  water,  and  melting  at  82"^.  It  is  obtained 
by  addition  of  hydriodic  acid  to  acrylic  acid: 

CH, :  CH .  COOH  +  IH  =  CH,I  •  CH,  •  COOH. 

As  a  general  rule,  addition  of  hydrogen  halide  to  acids  contain- 
ing a  double  bond  between  the  a-  and  y5-carbon  atoms,  denoted 
by  ^«^,  results  in  the  union  of  halogen  with  the  /5-carbon  atom. 
The  constitution  of  /^-iodopropionic  acid  is  deduced  from  its 
transformation  into  succinic  acid  in  the  following  way: 


CNlK+  llCH, .  CH, .  COOH->CN .  CH, .  CH, .  COOH- 


^COOH .  CH, .  CH, .  COOH, 

Succinic  acid 
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Acids  containing  more  than  one  Halogen  Atom  in  the  Molecule. 
181.  Isomerism  in  this  type  of  compounds  may  be  occasioned  by 
a  difference  in  position  of  the  halogen  atoms  in  the  molecule.   Addi- 


CfHif 


4-Bï^= 


OiiH|^00,H 


Fig.  47.— Erücic  Acid. 
TVaiw-formula. 


0,H„ 


H  Br 


Hotated 


OnHa<X>,H 


CtHji 


Fig.  48.— Dibkomoerucic 
Acid. 


OuHrfCOjH 


Fig.  49.— DiBROMOERUcic 

Acid. 

Each  H-atom  in  corresponding 

position  to  a  Br-atom. 


tion  of  halogen  to  an  unsaturated  acid  results  in  the  formation  of 
a  compound  in  which  the  halogen  atoms  are  linked  to  neighbour- 
ing carbon  atoms. 


HALOGEN-SUBSTITUTED  /fCIDS. 


"5 


The  splitting  off  of  hydrogen  halide  from  acids  of  this  class  affords 
a  striking  example  of  the  value  of  stereochemistry  in  explaining  phe- 
nomena for  which  the  ordinary  constitutional  formulas  are  unable  to 
account.    It  was  mentioned  in  connection  with  the  stereoisomerism 


CfiHi, 


+  Br,  =5 


CiiHrfCOiH 


Fig.  60.~Bras8idic  Acn>. 
C7w-formula. 


G(Hn 


Rotated 


OuHiKiOflH 


OuHaCQtB 


Fie.   51.   DiBBOMOBRASBIDIC  ACID.      FiG.  52.— DiBBOMOBRASSIDIC  ACID. 

One  H-atom  in  corresponding  position 
to  one  Br-atom. 


of  the  unsaturated  acids  that  the  dibromide  of  one  modification 
splits  off  2HBr  very  readily,  yielding  an  acid  with  a  triple  bond,  while 
with  the  dibromide  of  the  other  modification,  this  either  does  not  take 
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place  at  all,  or  only  with  great  difficulty.  An  example  of  this  is 
afforded  by  erucic  and  brassidic  acids,  which  have  been  proved,  by  the 
method  indicated  in  146,  to  have  the  constitution 

CHitCH  :  CHCnHwCOOH. 

On  addition  of  bromine,  and  subsequent  heating  with  alcoholic  potash 
at  150''-170'',  dibromoerucic  acid  easily  loses  2HBr,  yielding  hehetwlic 
acid,  CaHiT-CsC-CiiHsfCOOH;  while  under  the  same  treatment, 
dibromobrassidic  acid  splits  off  one  molecule  of  hydrobrpmic  acid, 
with  production  of  a  monobromoerucic  acid  This  difference  is 
accounted  for  by  assigning  the  ^ranv-formula  to  erucic,  and  the  cU- 
formula  to  brassidic,  acid,  as  indicated  in  Figs.  47  to  52. 

In  the  formula  for  dibromoerucic  acid,  the  tetrahedra  may  be 
rotated  so  as  to  bring  each  Br-atom  aboye  a  H-atom  (170),  making  the 
elimination  of  2HBr  possible  (Figs.  48  and  49);  while  in  that  for 
dibromobrassidic  acid,  only  one  Br-atom  and  one  H-atom  can  be 
brought  into  the  '*  corresponding  positions  ^'  to  one  another  (Figs.  51 
and  52). 


II.    M0V0BA81C  HTDROZT-ACIDS. 

182.  The  hydroxy-acids  are  substances  containing  one  or  more 
hydroxyl-groups  and  carboxyl -groups  in  the  molecule.  The 
general  methods  for  their  formation  depend  upon  the  introduction 
of  hydroxyl-groups  and  carboxyl-groups.  They  are  produced  in 
the  following  reactions. 

1.  By  the  careful  oxidation  of  polyhydric  alcohols: 


CH,.CHOH.CH,OH 

Propyleneglycol 


CHjCHOHCOOH. 

Lacuoadd 


2.  By  replacement  of  the  halogen  in  halogen-substituted  acids 
by  hydroxyl,  as  already  described  (156). 

3.  By  reduction  of  the  aldehydic  acids  and  ketonic  acids,  which 
contain  both  a  carboxyl-group  and  a  car  bony  I -group: 

CHj.COCOOH  +  2H  =  CH,.CHOH.COOH. 

Pyroracemic  acid  Lactic  acid 

4.  By  the  action  of   nitrous  acid  upon   acids  containing  an 
amido-group  in  the  alkyl-residue: 

NH,.CH,.COOH  +  HNO,  =  CH^OHCOOH  +  N,  +  H,0. 

Glycocoll  GlycolUc  acid 
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5.  By  addition  of  hydrocyanic  acid  to  aldehydes  or  ketones, 
and  hydrolysis  of  the  nitrile  thns  obtained  (110,  3);  this  method 
yields  only  a-hydroxy-acids :  ^ 

/H  •-  .  , 

C.H.„+,-CHO  +  HCN  =  C„H,^,-  C^CN;        (  .  -^-  ^ 

Oyaobydrin 

CbH^^.,-cA)N  +  2H,0  =  C„H.,+,-C^COOH  +  NH^    I 
\0H'  \0H 

Cyanhydrin  «-Hydroxy-acid 

By  exchange  of  Br  for  OH,  acids  which  have  been  brominat^d  by 
the  method  described  in  178  yield  hydroxy-acids  identical  with 
those  obtained  by  this  cyanhydrm  synthesis.  It  follows  that  in 
these  acids  the  bromine  is  in  union  with  the  a-carbon  atom. 

6.  Oxidation  with  potassium  permanganate  effects  the  direct 
replacement  of  hydrogen  by  hydroxyl  in  acids  containing  a  hydrogen 
atom  linked  to  a  tertiary  carbon  atom : 

^>  CH-COOH  +  0     =     ^^»>  C(OH)-COOH- 

Isobutyric  acid  «Hydroxyisobutyrio  add 

Properties. 

183.  Different  compounds  are  obtained  from  the  hydroxy-acids 
by  substitution  in  the  hydroxyl-group  and  carboxyl-group.  When 
the  H-atom  of  the  hydroxyl-group  is  replaced  by  alkyl,  an  acid 
ether  is  obtained : 

CH,OH.COOH  ~>  CH,OC,H,.COOH. 

Glyoollio  acid  EtbylglycoUic  acid 

Like  an  ordinary  ether,  CnH,n^.i  •  0  •  CniII,ni^.i ,  ethylglycollic  acid 
cannot  be  saponified.  When,  on  the  other  hand,  the  H-atom  of 
the  carboxyl-group  is  exchanged  for  alkyl,  an  ester  is  produced : 

CH^OH .  COOH  ~>  CH,OH  •  COOC^H,. 

Ethyl  glycollate 

Like  other  esters,  these  compounds  can  be  saponified. 

The  introduction  of  hydroxyl  strengthens  the  fatty  acids  to  an 
extent  dependent  on  its  position  relative  to  the  carboxyl-group,  an 
effect  analogous  to  that  produced  by  the  halogens  (178).      This  is 


2l8 


ORGANIC  CHEMISTRY. 


seen  from  the  following  table,  containing  the  values  of  the  dis- 
sociation constant,  JT,  for  several  acids: 


Name. 


Acetic  Acid 

Olycollic  Acid  (Hydruzyacetic  Acid). . . 

Propionic  Acid 

Lactic  Acid  (cr-Hjdroxypropionic  Acid) 
yC^Hjdroxy propionic  Acid 


FormuUi. 


CHjCOOH 

CH,OH.COOH 

CH,.CH,.OOOH 

CH,.GHOH.COOH 

CHjOH.CHjCOOH 


0.00180 
0.0152 
0.00134 
0.0138 
0. 00311 


On  heating,  the  a-hydroxy-acids  easily  lose  water,  two  mole- 
cules of  the  latter  being  simultaneously  split  off  from  two  molecules 
of  acid ;  this  reaction  takes  place  between  the  hydroxyl-group  of  one 
molecule  and  the  carboxyl-group  of  the  other.  In  this  way,  lactic 
acid  yields  laciide  : 


CH,-CHÖH\HOOC 


^ 


COOSiköl— CH-CH, 


CH-CHOOC 
=  2H.0  +        '  J 


COO  — CH-CH,. 

Lactide 

The  formula  of  this  compound  shows  that  it  is  a  double  ester,  its 
constitution  being  proved  by  its  behaviour  when  boiled  with  water 
or  dilute  acids;  like  the  esters,  it  is  saponified,  yielding  lactic  acid. 
/S'Hydroxy-acids  readily  split  off  water,  with  formation  of 
unsaturated  acids: 

CH,CHCHCOOH 

|o:fH| 

^•Uydroxybutyrfc  add 

When  a  )9-hydrozy-acid  is  boiled  with  excess  of  a  10  percent,  solu- 
tion of  caustic  soda,  it  is  partly  converted  into  an  afi-^  and  partly  into 
a  fiy-nn^aXumted  acid,  while  a  portion  remains  unacted  upon.  An 
equilibrium  is  thus  reached  : 

R.CH:CH.CH,.COOH  "^  R.CH,.CHOH.CH,.COOH  "^ 


=  H,0  +  CH,CH:CH-COOH. 

Crotonic  acid 


^R.CH,.CH:  CH-COOH. 

If  this  reaction  is  really  a  reversible  one,  the  same  point  of  equilibrium 
should  be  reached  by  starting  from  the  hydroxy-acid,  or  from  either  of 
the  two  unsaturated  acids.  Fittig  proved  that  this  is  actually  the 
case. 
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y-  and  <^-hydrozy-acids  lose  water,  with  formation  of  inner 
anhydrides,  called  lactone»  (178  and  188): 

CKCH-CH-CO  OH,- OH,- CH.' 00. 

I  ,1     =H.0+  I 1 

|ÜH  HJÓ  ' O        . 

Y^Hydrozybutyric  add  Butyrolactone 

GlycoUic  Acid,C,H,0„ 

184.  GlycoUic  acid  is  present  in  unripe  grapes.  It  is  usually  pre- 
pared by  treating  monoohloroacetic  acid  with  caustic  potash: 

COOH-CH,|CI  +  K|0H  =  COOHCH^OH  +  KCl. 

GlycoUic  acid  is  a  crystalline  solid,  melting  at  80*";  it  is  very  readily 
soluble  in  water,  alcohol,  and  ether;  the  calcium  salt  dissolyes  with 
difficulty  in  water.  When  distilled  in  vacuo,  glycollic  acid  splits  off 
water,  with  formation  of  glycollide: 

OH,0  |H"HQ|  CO  CH,0 .  CO 


■  I       =  2H,0  +  I 
iCH, 


00  0|HHOlCH,  COOCH, 

Lactic  Acids,  G,H.O,. 

185.  Two  lactic  acids  are  known,  differing  from  one  another 
in  the  position  occupied  by  the  hydroxyl-group;  they  are 
a-hydroxypropionic  acid,  CHj-CHOH-COOH,  and  >5-bydroxy- 
propionic  acid,  CII,OH .  CH,  •  COOH.  The  first  of  these  is  ordinary 
lactic  acid. 

a-Hydroxjrpropionic  acid  can  be  obtained  synthetically  by 
the  method&  described  in  182,  although  it  is  usually  prepared 
by  other  means.  In  presence  of  an  organized  ferment,  called  the 
"lactic  acid  bacillus,*' certain  sugars,  such  as  milk-sugar,  cane- 
sugar,  and  grape-sugar,  undergo  "lactic  fermentation,"  the  prin- 
cipal product  being  lactic  acid.  These  bacilli  occur,  for  example, 
in  decaying  cheese,  and  cannot  live  in  a  solution  of  lactic  acid  of 
more  than  a  certain  concentration;  in  order  to  make  fermentation 
go  on,  chalk  is  added,  which  neutralizes  the  lactic  acid  formed. 
Lactic  acid  can  also  be  prepared  by  heating  glucose  or  invert- 
sugar  with  caustic  soda. 
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Lactic  acid  derives  its  name  from  its  presence  in  sonr  milk, 
as  a  result  of  the  fermentation  of  the  milk-sugar  present.  The 
faint  acid  odour  possessed  by  sour  milk  is  due^  not  to  lactic  acid, 
but  to  traces  of  volatile  fatty  acids  simultaneously  formed;  lactic 
acid  itself  is  odourless.  Lactic  acid  also  occurs  in  other  fermented 
substances,  such  as  Sauerkraut,  and  in  large  quantities  in  ensQage» 
used  for  feeding  cattle»  which  is  prepared  by  submitting  piles  of 
grass,  clover,  etc.,  to  pressure. 

Lactic  acid  is  purified  by  distilling  the  aqueous  acid  at  very 
low  pressures  (1  mm.),  when  it  is  obtained  as  a  crystalline 
solid  melting  at  18°.  It  is  more  usually  met  with  in  the  form  of 
a  colourless,  syrupy  liquid  of  strongly  acid  taste,  and  containing 
water.  When  heated  under  ordinary  pressure,  with  the  object 
of  removing  water,  it  is  partially  converted  into  the  anhydride 
(188)  even  before  complete  dehydration  has  taken  place;  this  can 
be  detected  by  the  diminution  of  the  acid-equivalent  on  titration. 
Its  zinc  salt  forms  well-defined  crystals  with  three  molecules  of 
water. 

The  constitution  of  lactic  acid  is  deduced  from  its  formation 
from  acetaldehyde  by  the  cyanhydrin  synthesis  (182,  5),  and  by 
the  oxidation  of  propyleneglycol.  When  lactic  acid  is  heated 
alone,  or  with  dilute  sulphuric  acid,  it  splits  up  into  acetaldehyde 
and  formic  acid: 


H 


CH,CHOH'COOH    -►   CH,Cq  +  H-COOH. 

This  decomposition  may  be  looked  upon  as  a  reversal  of  the 
cyanhydrin  synthesis,  and  is  characteristic  of  many  or-hydroxy- 
acids. 

H 
Lactic  acid,  CH,.C.COOH,  contains  one  asymmetric  carbon 

ÓH 

atom.  In  accordance  with  the  principles  laid  down  in  58,  it  ought 
to  exist  in  three  isomeric  modifications;  all  of  these  are  known. 
Ordinary  lactic  acid,  obtained  by  synthesis  or  fermentation,  is 
racemic;  that  is  to  say,  it  consists  of  equal  quantities  of  the  dextro- 
acid  and  IsBvo-acid,  and  is  therefore  optically  inactive.  The 
dextro-lactic  and  laevo-lactic  acids  can  be  obtained  from  the  inactive 
modification  by  methods  described  in  196.      The  dextro-rotatory 
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yariety  is  a  constituent  of  meat^jnices,  and  is  therefore  sometimes 
called  sarcolactic  add, 

186.  It  has  just  been  stated  that  synthesis  yields  inactive 
lactic  acid.  It  is  usually  not  possible  to  prepare  optically  active 
products  from  inactive  substances  by  wholly  chemical  means. 
Since  the  inactive  modification  consists  of  equal  parts  of  dextro- 
rotatory and  Isevo-rotatory  substance,  both  of  these  must  be 
formed  in  equal  quantities  in  the  synthesis.  The  question  arises, 
why  this  is  so,  and  an  insight  into  the  phenomenon  is  afforded 
by  a  consideration  of  the  following  examples. 

The  nitrile  of  lactic  acid  is  obtained  by  the  addition  of  hydro- 
cyanic acid  to  acetaldehyde  (182,  5),  the  structural  formula  of 
which  is  represented  in  Fig.  53 : 


GH, 


CH, 


GHs 


CL d         -#.  C_  rf  or  c 


CN 


Fia.  58. 

ACXTALDSHTDB. 


Fig.  64. 
Lactonitrilb. 


OH 

Fig.  55. 
Lactonitrile 


The  addition  of  H  •  CN  can  take  place  in  two  ways ;  the  oxygen, 
which  is  doubly  linked  to  the  central  carbon  atom  of  the  figure, 
becomes  severed  either  from  the  bond  c^  or  d.  In  the  first  case, 
the  group  CN  becomes  linked  to  c  (Fig.  54),  and  a  hydroxyl- 
group  is  formed  at  d\  in  the  second  case  this  is  reversed  (Fig.  öö). 
The  configurations  thus  obtained  are  mirror-images  of  each  other, 
and  cannot  be  made  to  coincide;  they  represent  asymmetric 
C-atoms. 

The  possibility  of  the  formation  of  both  active  components  is 
thus  evident,  and  that  these  must  be  formed  in  equal  amounts  is 
seen  by  a  consideration  of  the  probability  of  their  formation.  This 
is  alike  for  both,  since  d  and  c  occupy  similar  positions  with 
respect  to  a  and  b,  and  there  is  therefore  no  tendency  for  the 
oxygen  to  remain  linked  to  the  one  more  than  to  the  other. 

In  the  example  just  given,  an  asymmetric  carbon  atom  has 
resulted  from  an  addition-reaAition,  The  following  is  an  example 
of  the  formation,  by  stAstitution,  of  a  compound  containing  such 
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"D-,  PTT 

an  atom,  «-bromopropionic  acid,   tt>C<qq>vtt,  can  be  obtained 

-TT  PTT 

from  propionic  acid,  ^H'^^'*^C0ÓH*    By  replacement  of  H{?  and 

He?  respectively,  two  acids  of  opposite  rotation  are  produced,  the 

probability  of  the  formation  of  one  being  eqnal  to  that  of  the 

formation  of  the  other. 

Compounds  containing  an  asymmetric  carbon  atom  can  also 

result  from  the  splitting-off  of  a  group,  as  in  the  formation  of 

PTT  TT 

methylethylacetic    ^^d,    QT|>C<QQQg^,    from    methylethyl- 

C 

CH  COOH 

malonic  acid,  ^  J  ^^'*^COOH'  ^^  ^^^  ^^  ^^**     ^^®  probability 

d 

that  this  will  take  place  at  c  and  at  d  is  equal,  so  that  an  inactiye 
mixture  is  produced. 

When  optically  active  lactic  acids,  and  optically  active  sub- 
stances in  general,  are  strongly  heated,  they  are  converted  into  the 
optically  inactive  modification,  containing  equal  proportions  of  the 
dextro-modification  and  Isevo-modification.  This  necessitates  the 
conversion  of  one-half  of  the  optically  active  substance  into  its 
optical  isomer,  it  being  sufficient  that  two  of  the  groups  or  atoms 
linked  to  the  asymmetric  C-atom  should  change  places.  In  order  to 
convert  Fig.  56  into  its  mirror-image.  Fig.  57,  it  is  only  essential, 
for  example,  for  B  and  D  to  exchange  positions.      This  can  only 


Fig.  5Ö.  Fig.  57. 

happen  through  a  breaking  of  the  bonds  between  B  and  D  and  the 
carbon  atom,  for  a  period  however  brief,  followed  by  a  reunion, 
either,  as  at  first,  B  to  J  and  D  to  dy  or  in  the  reverse  order, 
D  to  6  and  B  to  é^.  In  consequence  of  the  similarity  of  the  posi- 
tions occupied  by  h  and  d  with  respect  to  a  and  c,  the  probability 
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of  the  union  of  B  with  h  and  D  with  d  is  equal  to  that  of  the  union 
of  D  with  h  and  B  with  d.  As  a  result  of  this,  dextro-rotatory  and 
laevo-rotatory  molecules  are  formed  in  equal  numbers^  so  that  after 
heating,  the  substance  is  optically  inactive. 

Optical  inactivity  is  sometimes  developed  without  the  aid  of  heat. 
Walden  found  that  the  dextro-rotatory  isobutyl  ester  of  bromopro- 
pionic  acid,  CHi*CHBr*0OOC4H9,  and  some  other  compounds  contain- 
ing a  Br-atom  in  union  with  an  asymmetric  C-atom,  became  optically 
inactive  through  being  kept  for  three  or  four  years  at  the  ordinary  tem- 
perature. The  velocity  of  transformation  at  ordinary  temperatures, 
for  most  substances  too  small  to  be  appreciable  after  the  lapse  of  even 
long  periods— and  only  measurable  at  higher  temperatures,  which 
have  an  accelerating  effect  upon  most  reactions — has  in  these  cases  a 
measurable  value. 

117*  fi-HydroacypropUmic  acid^  or  hydracrylic  acid,  has  the  formula 
CH,OHCHs-COOH,  and  is  a  type  of  the  /^hydroxy-acids.  It  can  be 
synthesiased  from  ethylene  by  the  addition  of  hypochlorous  acid,  HOCl, 
treatment  of  the  addition-product  with  potassium  cyanide,  and 
hydrolysis  of  the  resulting  nitrile: 

CH,:CH,  ->  CH.OH.CH.Cl  ->  CH.OH.CH.ON  ->  OH,OH.OH,.COOH. 
Ethylene         Olyoolchlorhydrin  Qlyoolcyanhydrin  ^-Hydrozypropionio 

This  compound  can  also  be  obtained  from  )9-iodopropionic  acid.  It 
has  a  syrupy  consistency,  and  chiefly  differs  from  cr-hydroxy propionic 
acid  in  being  decomposed  on  heating,  with  loss  of  water  and  formation 
of  acrylic  acid  (118). 

Aldol  (116)  is  converted  by  oxidation  into  fi-hydroxybuiyric  acid, 
CH,.CHOH-CHi-COOH,  which  easily  loses  water,  forming  crotonic 
acid.  The  constitution  of  ytf-hydroxybutyric  acid  follows  from  its 
formation  by  the  reduction  of  the  corresponding  ketonic  acid,  aceto- 
acetic  acid  (8S6). 

Lactones. 

188.  It  was  mentioned  (178  and  188)  that  the  ^^-hydroxy- 
acids  lose  water  very  readily,  with  formation  of  lactones.  So  great 
is  this  tendency  that  some  ^-hydroxy-acids,  when  set  free  from 
their  salts,  at  once  split  off  one  molecule  of  water,  yielding  a 
lactone.  This  phenomenon  is  another  example  of  the  readiness 
with  which  ring-compounds  containing  four  carbon  atoms  are 
formed  (169).  In  many  cases  the  ^-hydroxy-acids  are  not  known 
in  the  free  state,  but  only  in  the  form  of  esters,  salts,  or  amides. 
The  lactones  are  stable  towards  an  aqueous  solution  of  sodium 
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carbonate^  but  are  converted  by  the  hydroxides  of  the  alkali-metals 
into  Baits  of  ;^-hydroxy-acids;  this  reaction  proves  their  constitu- 
tion. They  may  be  looked  upon  as  the  inner  esters  of  the  hydroxy- 
acids. 

The  lactones  can  be  prepared  by  several  methods.  Thus,  acids 
containing  a  double  bond  at  the  /Sy-  or  ;/<y-po8ition  are  readily  con- 
verted into  lactones  by  warming  with  dilute  sulphuric  acid.  The 
formation  of  lactones  in  this  way  may  be  looked  upon  as  an  addi- 
tion of  the  carboxyl -group  at  the  double  bond: 

R-dk:CHCH,-CO  =  RCHCH,CH,CO. 

H-i  I i 

Unsaturated  acids  ^^  (180)  can  be  obtained  by  several  methods, 
one  being  the  action  of  aldehydes  upon  sodium  succinate  in  presence 
of  acetic  anhydride : 


ch,.c5hc.cooh 

lOHl  _\ 


CH.O^ -f- H.CCOOH    ^ 

Aldehyde        sicdnlc  acid  \  H»C'COO|h|. 

By  elimination  of  one  molecule  of  water,  there  results  a  lactone-acid, 
CHjCHCHCOjH 
CH, 

O— CO 
which,  on  dry  distillation,  loses  OOi,  yielding  the  unsaturated  acid : 

ch,.ch.ch.|cö;|h 

CHj,  -►  CHjCHrCHCHjCOOH. 

Another  method  for  the  preparation  of  lactones  is  the  reduction 
of  ;/-ketonic  acids,  the  synthesis  of  which  will  be  described  later. 
<^-  and  6-lactones  are  also  known. 

On  boiling  with  water,  the  lactones  are  partly  converted  into 
the  corresponding  hydroxy-acids;  the  quantity  of  acid  formed  is 
in  part  dependent  upon  the  amount  of  water  present.  A  state  of 
equilibrium  is  arrived  at  between  the  acid,  and  the  la€tone  + 
water : 


i. 


CH,OHCH,CH,COOH 

y-Hydrozybutyric  acid 


'CH-CH. 


Butyrolactone 


CH,CO  +  H,0. 

J 
0 
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If  the  molecular  concentration  per  litre  of  the  ;^-hydroxybntyric 
aoid  is  A^  and  if,  after  the  lapse  of  a  time  ty  x  molecules  have  been 
converted  into  lactone,  the  velocity  of  lactone-formation  at  that 
instant,  «,  is  given  by  the  following  equation,  in  which  h  is  the 
reaction  constant: 

8  =  k{A  —  x). 

But  the  reverse  also  takes  place,  the  acid  being  regenerated  from 
I  he  lactone  and  water.  If  the  lactone  is  dissolved  in  a  large  excess 
of  water,  no  appreciable  error  is  introduced  by  assuming  the 
quantity  of  the  latter  to  be  constant.  The  velocity  a'  of  this  reverse 
reaction  is  then  represented  by  the  equation 

8'  =  k% 

in  which  k^  is  again  the  reaction  constant.  The  total  velocity  of 
the  lactone-formation  for  each  instant  is,  therefore,  equal  to  the 
difference  between  these  velocities: 

8-8'  =  ^=k{A^x)--k'x    .     .     .     .     (1) 

When  equilibrium  is  reached,  8  =  8';  and  if  the  value  of  x  at  this 
]>oiut  has  become  equal  to  x^ ,  then 

k(A-x,)-k'x,  =  0,    or    |7  =  j^        .     .     (2) 

Equations  1  and  2  can  be  solved  for  k  and  k'.  The  same 
method  of  calculation  may  be  applied  to  ester-formation  from  acid 
and  alcohol,  by  which  the  reaction  constant  of  the  ester-formation, 
and  of  the  ester-decomposition,  can  be  computed. 

The  lactones  form  addition-products  with  hydrobromic  acid  as 
well  as  with  water,  yielding  ^-bromo-acids,  the  constitution  of 
which  follows  from  their  reconversion  into  lactone  (178).  The 
lactones  also  form  addition-products  with  ammonia,  yielding  the 
amides  of  the  ^-hydroxy-acids. 

m.  DIBASIC  HTBBOXT.AOISS. 

1S9.  The  simplest  member  of  this  series  is  tartronic  aeidy 
COOH '  OHOH  •  GOOH.  It  can  be  obtained  by  the  action  of  moist  Oxide 
of  silver  upon  bromomalonio  acid,  and  is  a  crystalline  solid,  melting  at 
187'  with  evolution  of  CO..  The  giycoUic  acid,  CHsOHCOOH,  thus 
formed,  at  once  loses  water,  yielding  a  polymer  of  glycoUide  (1S4). 


^^^' 
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190.  A  substance  of  greater  importance  is  malic  acid,  Cfifi^, 
which  is  present  in  yarions  unripe  fruits,  and  is  best  prepared  from 
unripe  mountain-ash  berries.  It  is  a  crystalline  solid,  melting  at 
100°,  and  is  readily  soluble  in  water  and  in  alcohol.  Natural 
malic  acid  is  optically  active. 

It  is  possible  to  prove  in  several  ways  that  malic  acid  is 
hydroxysuccinic  acid,  COOH  •  CHOH .  CH,  •  COOÏÏ.  Among  these 
are  its  reduction  to  succinic  acid  by  heating  with  hydriodic  acid, 
and  its  conversion  into  monochlorosuccinic  acid  by  the  action  of 
phosphorus  pentachloride,  etc.  Its  alcoholic  character  is  indicated 
by  the  formation  of  an  acetate  when  its  diethyl  ester  is  treated 
with  acetyl  chloride. 

The  formation  of  fumaric  and  maleïc  acids  from  malic  acid 
under  the  influence  of  heat  has  been  already  mentioned  (170).  In 
addition  to  the  natural  laevo-rotatory  acid,  both  a  dextro-rotatory 
and  an  inactive  modification  are  known.  The  latter  can  be  split 
up,'  by  fractional  crystallization  of  its  cinchonine  salt,  into  its  two 
optically  active  components.  As  seen  from  its  structural  formula, 
malic  acid  contains  an  asymmetric  C-atom. 

Tartaric  Acids,  C^H,0,. 

191.  Four  acids  of  this  composition  are  known;  all  have  the 
constitutional  formula 

COOH .  CHOH .  CHOH  •  COOH. 

They  are  called  dextro-rotatory  tartaric  acid,  lavo-rotatory  tar- 
taric acidy  racemic  acid,  and  mesotartaric  acid;  the  last  two  are 
optically  inactive.  Their  constitution  is  proved  by  their  formation 
from  the  dibromosuccinic  acids — obtained  from  fumaric  or  maleïc 
acids  by  the  action  of  bromine — by  boiling  their  silver  salts  with 
water,  as  well  as  by  their  production  from  glyoxal  by  the  cyan- 
hydrin  synthesis.  The  inactive  modifications  are  produced  by  these 
reactions  (186). 

In  accordance  with  the  constitutional  formula  given  above,  the 
tartaric  acids  contain  two  asymmetric  C-atoms  in  the  molecule, 
and  it  is  necessary  to  consider  how  many  stereoisomers  are  theo- 
retically possible. 

The  formula  of  a  substance  of  this  kind  may  be  represented  by 
C(abc) — C{def).    The  groups  linked  to  the  asymmetric  C-atoms  are 


STEREOISOMERISM  OF  THE  TARTARIC  ACIDS.  227 

in  this  general  formula  dissimilar;  the  two  asymmetric  C-atoms 
are  assumed  to  be  unlikeJ  Since  the  mode  of  arrangement  of  the 
groups  relative  to  each  of  these  G-atoms  results  in  dextro-rotation 
and  IsBvo-rotation  respectively,  the  following  combinations  are 
possible  in  the  molecule  of  a  substance  containing  two  asymmetric 
G-atoms: 

12  3  4 

C(aJ{j)  Dextro  Dextro  Lsbvo  Laevo 


I 


(def)  Dextro  Lsbvo  Laevo  Dextro 

There  are,  therefore,  four  isomers  possible,  apart  from  the  optically 
inactive  modifications  containing  equal  quantities  of  two  of  these 
(1  and  3,  2  and  4). 

Since  tartaric  acid,  however,  contains  two  similar  asymmetric 
C-atoms,  that  is  to  say,  asymmetric  C-atoms  in  union  with  similar 
groups,  2  and  4  become  identical,  leaving  so  far  three  isomers  pos- 
sible. 1  and  3  being  able  to  unite,  to  form  a  racemic  compound, 
the  total  number  of  possible  isomers  is  raised  to  four: 

12  3  4 

CH(OH)(COOH)     Dextro    Dextro    Libvo     inactive  combina- 
CH(OH)(COOH)    Dextro    Lwvo        L»vo       tion  of  1  and  3 

The  four  acids,  C^H^O, ,  mentioned  above,  correspond  in  their 
properties  to  «the  four  theoretically  possible  isomers.  Dextro- 
tartaric  and  Isevo-tartaric  acids  must  be  represented  respectively 
by  1  and  3,  since  in  these  both  G-atoms  rotate  the  plane  of  polar- 
ization in  the  same  direction,  and  should,  therefore,  reinforce 
one  another's  influence.  The  optically  inactive  mesotartaric  acid, 
whose  two  oppositely  rotatory  G-atoms  neutralize  each  other,  is 
represented  by  2«     Finally,  the  isomer  4  is  racemic  acid. 

An  important  difference  exists  between  the  two  optically  inactive 
isomers,  racemic  and  mesotartaric  acid.  The  former,  obtained  by 
mixing  equal  quantities  of  the  dextro-acid  and  Isevo-acid.  can  be 
split  up  into  its  components;  the  latter,  consisting  only  of  one 
kind  of  molecules,  cannot  be  split  up.     The  rotation  caused  by 
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the  dextro-acid  is  equal  in  amount  but  opposite  in  sign  to  that 
caused  by  the  laeyo-acid. 

Emil  Fischer  has  introduced  a  simple  mode  of  writing^  the 
spacial  formula  of  optically  active  compounds,  of  which  frequent 
use  will  be  made  later.     His  representation  in  space  of  two  C-atoms 

Cabc 
'in  union,  in  a  compound  j  ,  is  shown  in  Fig  58  (169). 

Oahc 


yr-- 


Fig.  58. 

If  the  two  bonds  uniting  the  two  carbon  atoms  are  supposed  to 
lie  in  the  plane  of  the  paper,  then  the  positions  of  a  and  c  are  to 
the  back,  and  of  b  to  the  front.  If  a,  b,  and  c  are  imagined  to  be 
projected  upon  the  plane  of  the  paper,  and  a  and  c  simultaneously 
so  altered  in  position  that  they  lie  in  the  same  straight  line  at 
right  angles  to  the  vertical  axis,  and  b  lies  in  this  axis  produced, 
then  projection-figure  I  is  obtained: 


a 

c b 

e b 


a 
II. 


If  Fig.  58  is  rotated  round  its  vertical  axis,  so  that  a,  for  example, 
lies  in  front  of  the  plane  of  the  paper,  Fig.  59  is  obtained,  the  projec- 
tion of  which  is  represented  by  II.  These  apparently  different  con- 
figurations are  identical. 
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For  a  chain  of  several  carbon  atoms,   e.g.,   fonr,   there  is 
obtained  in  an  analogous  way  the  projection-figure 


This  will  be  understood  if  it  is  imagined  that  the  figures  on  p.  200 
(Fig.  33)  are  so  placed  that  the  plane  in  which  the  carbon  bonds 
lie  is  at  right  angles  to  that  of  the  paper,  and  the  figures  in  this 
position  are  projected  in  the  manner  just  described. 

The  projection-formulsB  for  the  four  isomeric  tartaric  acids  are 
obtained  in  the  following  way.  If  the  projection-figure  for  two 
asymmetric  C-atoms  is  divided  in  the  middle  of  the  vertical  line, 
and  the  upper  half  of  the  figure  rotated  through  180°  in  the 
plane  of  the  paper,  the  similar  grouping  of  HO,  H,  and  GOOH 
about  the  acfymmetric  C-atoms  in  both  halves. 


HO- 


-H      and      HO- 


ÓOOH 


-H, 


COOH 


indicates  that  both  C-atoms  rotate  the  plane  of  polarization  in  the 
same  direction.  We  shall  arbitrarily  assume  that  this  grouping 
occasions  dextro-rotation. 

When  the  two  carbon  atoms  again  become  united  with  one 
another,  by  transposing  one  of  the  halves  in  the  plane  of  the  paper, 
the  following  figure  results,  and  is  therefore  the  projection-formula 
for  the  dextro-rotatory  acid: 


COOII 


H- 
HO- 


-OH 
-H 


COOH 
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The  grouping  with  respect  to  the  two  C-atoms  in  the  l»vo- 
rotatory  acid  must  be  the  mirror-image  of  that  in  the  dextro- 
rotatory (63);  thus, 


-OH        and 


-OH 


COOH  COOH 

The  combination   of  these  two  gives  the  following  projection- 
formula  for  the  laevo-rotatory  acid : 

COOH 


HO- 
H- 


-H 
-OH 


COOH 

These  representations  of  the  constitutions  of  dextro-tartaric 
and  IsBVo-tartaric  acid  cannot  be  made  to  coincide  by  altering  their 
position  in  the  plane  of  the  paper,*  and  are  therefore  different. 

When  the  acid  contains  a  dextro-rotatory  and  a  laBvo-rotatory 
G-atom,  as  in  mesotartaric  acid,  the  arrangement  of  the  groups 
will  be 

Dextro  Lasvo 


HO- 


H- 


COOH 
and  their  projection-fonnula 

HO- 


-OH, 


COOH 


COOH 
— H 


HO- 


COOH 


*  These  projection-formal»  can  be  made  to  coincide  by  rotating  one  of  them 
throagh  180*  about  the  line  HO— H.  Jt  will  be  seen  from  a  model,  however, 
that  the  tpaeitU  formal»  cannot  be  made  to  coincide  by  this  treatment.  To 
determine  whether  this  is  possible  for  spacial  formal»  by  means  of  projection- 
formal»,  it  is  only  admissible  to  transpose  the  latter  in  the  plane  of  the  paper. 
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The  projection-formula  for  racemic  acid  is 

Deztro  Lasvo 

COOH  COOH 


HO- 


-OH 


-H 


HO- 

H- 


COOH 


-H. 
-OH 


COOH 


Deztro-tartaric  Acid. 


192.  The  acid  potassium  salt,  C^H^O^K,  is  present  in  the  juice 
of  grapes,  and  during  alcoholic  fermentation  is  deposited  on  the 
bottom  of  the  casks,  being  even  more  sparingly  soluble  in  dilute 
alcohol  than  in  water.  The  crude  product  is  called  "  argol  ^';  when 
purified,  it  is  known  as  "cream  of  tartar."  To  obtain  dextro- 
tartaric  acid,  the  crude  argol  is  boiled  with  hydrochloric  acid,  and 
the  acid  precipitated  as  calcium  tartrate,  CaC^H^O,,  with  milk  of 
lime.  After  washing,  the  calcium  salt  is  treated  with  an  equi- 
Talent  quantity  of  sulphuric  acid,  which  precipitates  calcium  sul- 
phate, and  sets  free  the  tartaric  acid;  this  can  be  obtained  by 
eraporation  in  the  form  of  large,  transparent  crystals,  free 
from    water    of    crystallization,    and    having    the    composition 

CAOr 

Dextro-tartaric  acid  melts  at  170°,  is  very  readily  soluble  in 
water,  to  a  less  extent  in  alcohol,  and  is  insoluble  in  ether.  When 
heated  above  its  melting-point  under  atmospheric  pressure,  it 
loses  water  and  yields  various  anhydrides,  according  to  the  intensity 
and  duration  of  the  heating.  On  heating  further,  it  turns  brown, 
with  production  of  a  caramel-like  odour,  and  at  a  still  higher  tem- 
perature, chars,  with  formation  of  pyroracemic  and  pyrotartaric 
acids.  It  can  be  converted  into  succinic  acid  by  the  action  of 
certain  bacteria. 

In  addition  to  the  acid  potassium  salt  may  be  mentioned  the 
"neutral  potassium  salty  C^H^O,K,,  which  is  readily  soluble  in  water, 
and  potassium  antimonyl  tartrate, 

2[COOK.CHOH.CHOH.COO(SbO)]  +  H,0, 

On  account  of  its  medicinal  properties,  the  latter  is  known  as  '^  tar- 
tar emetic."  It  is  obtained  by  boiling  acid  potassium  tartrate  with 
antimony  oxide  and  water,  and  is  readily  soluble  in  water. 
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The  precipitation  of  hydroxides  from  metallic  salts— copper 
hydroxide  from  copper  sulphate,  for  example — is  often  prevented 
(161)  by  the  presence  of  tartaric  acid.  The  liquid  obtained  by  dis- 
solving copper  sulphate,  tartaric  acid,  and  excess  of  caustic  potash 
ill  water,  is  called  "  Fehling^s  solution."  It  is  an  important  means 
of  testing  the  reducing  power  of  compounds,  since  reducing-agents 
precipitate  yellowish-red  cuprous  oxide,  or  its  hydroxide,  from  the 
dark-blue  solution.  In  this  alkaline  copper  solution  the  hydroxyl- 
groups  of  the  central  C-atoms  have  reacted  with  the  copper 
hydroxide,  since  one  gramme-molecuje  of  neutral  alkali  tartrate 
can  dissolve  one  gramme-molecule  of  copper  hydroxide.  These 
copper  alkali  tartrates  have  also  been  obtained  in  a  crystalline 
form ;  for  example,  the  compound  C^H,0,M  a,Cu  +  2H,0  is  known, 
and  to  it  must  therefore  be  assigned  the  constitutional  formula 

^   ^OCH-COONa  ^  ^^  ^ 
°^<O.CH.COONa  +  '^«^- 

In  aqueous  solution  this  compound  is  ionized  into  Na',  and  the 

O-CH-COO' 
complex  anion  Cu<-.  prr.po/y     This  is  shown  by  the  following 

facts.  First,  the  solution  no  longer  gives  the  ordinary  reactions  for 
copper  ions;  although  the  liquid  is  alkaline,  copper  hydroxide  is  not 
precipitated.  Second,  when  the  solution  is  electrolyzed,  the  copper 
goes  towards  the  anode.  This  has  been  proved  by  Eüstkb  by  the  aid 
of  the  apparatus  shown  in  Fig.  60.    One  U-tube  contains  copper  sa^ 


\.i^ 


Fio.  60.— Elbctroltsts  of  an  Alkalinb  Copper  Solittioh. 


^?hate  solution  at  b ;  the  other,  Fehling's  solution  at  d\  into  both  limbs 
of  each  is  then  carefully  poured  a  solution  of  sodium  sulphate,  a  and  c. 
The  common  surfaces  of  the  sodium  sulphate  and  copper  sulphate 
solutions  in  the  two  U-tubes  lie  in  the  same  horizontal  plane.  When 
an  electric  current  is  passed  through  the  tubes,  preferably  arranged  in 
parallel,  and  not  in  series,  a  different  effect  is  produced  on  the  posi- 
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üon  of  the  surfaces  of  the  oopper  solutions  in  each  tube.  In  the  cop- 
per sulphate  solution,  a  rise  in  level  takes  place  at  the  cathode,  since 
the  Cu*ions  are  cations,  and  tend  towards  the  cathode.  The  reverse 
effect  is  observed  in  the  Fehling^s  solution,  showing  that  here  the  cop- 
per forms  part  of  the  anion. 

Moreover,  the  colour  of  Fehling*s  solution  is  a  much  more  intense 
blue  than  that  of  a  copper  sulphate  solution  of  equivalent  concentra- 
tion, which  is  evidence  of  the  presence  in  Fehling's  solution  of  a  com- 
plex ion  containing  copper. 

Fehling's  solution  decomposes  on  standing,  so  that  it  is  best  pre- 
pared as  required.  Ost  has  discovered  a  much  more  stable  alkaline 
copper  solution,  which  can  be  used  for  the  same  purposes  as  that  of 
Feeling.  It  is  a  mixture  of  copper  sulphate  with  acid  and  neutral 
carbonates  of  potassium,  and  contains  a  soluble  double  carbonate  of 
oopper  and  potassium. 

LflBTo-tartaric  Acid. 

LmvO'iartaric  acid  is  obtained  from  racemio  acid.  With  the 
exception  of  their  causing  opposite  rotation,  and  the  fact  that  the 
salts  formed  by  the  laevo-acid  with  the  opticaUy  active  alkaloids 
differ  in  solnbility  from  those  derived  from  the  dextro-acid  (196), 
the  properties  of  the  IsBvo-acid  and  its  salts  are  identical  with  those 
of  the  dextro-modification  and  its  salts. 

Kaoemic  Acid. 
198.  It  has  been  already  stated  (186)  that  optically  active  sub- 
stances can  be  converted  by  the  action  of  heat  into  optically  inactive 
compounds;  that  is,  changed  into  a  mixture  of  the  dextro-modifi- 
cation  and  IssYO-modification  in  equal  proportions.  This  change 
is  often  facilitated  by  the  presence  of  certain  substances;  thus, 
dextro-tartaric  acid  is  easily  converted  into  raoemic  acid  when 
boiled  with  excess  of  a  concentrated  solution  of  caustic  soda. 
Mesotartaric  acid  is  formed  at  the  same  time  (194). 

The  optical  inactivity  is  occasioned  by  conversion  of  one  half  of 
the  dextro-acid  into  the  IsBvo-modification.    If  formula  I  represents 

COOH  COOH 


H- 
HO- 


-OH  HO- 


H- 


-OH 


COOH  COOH 
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the  dextro-acid,  then  formula  II  will  correspond  with  the  IsBvo-acid, 
and  the  formulee  show  that  the  exchange  of  groups,  by  which  an 
active  compound  is  converted  into  its  optical  isomer  (lt6),  must  in 
this  instance  take  place  at  both  asymmetric  C-atoms,  in  order  that 
the  dextro-acid  may  yield  its  leevo-isomer. 

Racemic  acid  is  not  so  soluble  in  water  as  the  two  opticaUy  active 
acids,  and  differs  in  crystalline  form  from  them;  the  crystals 
have  the  composition  2C^H,0,  +  2H,0.  Many  of  its  salts  contain 
amounts  of  water  of  crystallization  differing  from  those  in  the  salts 
of  the  corresponding  optically  active  isomers.  Bacemic  acid  is 
proved  to  consist  of  two  components  by  its  synthesis  from  solu- 
tions of  the  dextro-acid  and  the  IsBvo-acid.  If  the  solutions  are 
concentrated,  heat  is  developed  on  mixing,  and  the  less  soluble 
racemic  acid  crystallizes  out.  Bacemic  acid  can  also  be  split  up 
into  the  two  optically  active  modifications. 

Although  racemic  acid  in  the  solid  state  differs  from  both  dextro- 
tartaric  acid  and  IsBVO-tartaric  acid,  yet  in  solution,  or  as  ester 
in  the  state  of  vapour,  it  seems  only  to  be  a  mixture  of  them;  at 
least,  the  lowering  of  the  freezing-point  produced  by  it  in  dilute 
solution  corresponds  to  the  molecular  formula  C^H,0,,  and  the 
vapour  density  of  its  ester  to  single,  instead  of  to  double,  molecules. 

The  term  "racemic"  is  applied  to  substances  whose  optical 
inactivity  is  occasioned  by  their  consisting  of  isomers  of  equal  and 
opposite  rotatory  power  in  equimolecular  proportions.  This 
phenomenon  was  first  observed  by  Pasteur  in  his  researches  on 
racemic  acid  (196). 

Mesotartaric  Acid. 
194.  Mesotartaric  acid,  like  racemic  acid,  is  optically  inactive, 
but  cannot  be  split  up  into  optically  active  components.     It  is 
formed  when  dextro-tartaric  acid  is  boiled  for  several  hours  under 
a  reflux-condenser  with  a  large  excess  of  caustic  soda  (193). 

If  formula  I  is  assigned  to  dextro-tartaric  acid,  it  is  evident  that 
COOH  COOH 


H- 
HO- 


-OH  HO- 


HO- 


-H 
-H 


COOH  COOH 
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to  convert  it  into  mesotartaric  acid,  fonaula  II,  it  is  only  necessary 
for  two  groups  in  union  with  a  single  asymmetric  G-atom  to  change 
places,  while  raoemic  acid  can  only  result  through  exchange  of  the 


CO'OH 


-I-20H     = 


CO'OH 


Fig.  61. — MalïTc  Acid. 


CO'OH 


OP 


rit:r^:>^co-oH    ^ 


CO»OH 


CO*OH 


H  OH 

Fio.  62.— Mbsotabtasic  Acid.    Fie.  68.~Mbsotabtario  Acid. 


groups  linked  to  both  C-atoms.  This  affords  an  explanation  of  the 
fact  that  when  dextro-tartaric  acid  is  heated  with  dilute  hydrochloric 
acid,  or  boiled  with  dilute  caustic  soda,  mesotartaric  acid  is  first 
formed,  and  raoemic  acid  only  after  prolonged  heating. 

The  acid  potassium  salt  of  mesotartaric  acid  is  readily  soluble 
in  cold  water,  differing  in  this  way  from  the  corresponding  salts 
of  the  other  tartaric  acids. 
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106.  This  Tiew  of  the  stractnre  of  the  tartaric  acids  is  in  complete 
accord  with  their  relation  to  fumaric  and  malelc  acid  (170),  which, 
on  treatment  with  a  dilate  aqueous  solution  of  potassium  perman- 
ganate, yield  respectively  racemic  and  mesotartario  acid  by  addition 


HO*CO 


+  2(0H),= 


CO-OH 


Fio.  64. — Fumaric  Acid. 


HO-CO 


CO'OH 


Fio.  65. — Racemic  Acid. 


4^C0•0H 


of  two  hydrozyl-groups.  Addition  of  20H  to  malelc  acid  may  result 
from  the  breaking  of  the  bond  1,  1'  or  2,  2'  in  Fig.  61,  with  produc- 
tion of  the  configurations  represented  in  Figs.  63  and  63.  The 
projection-formul»  corrresponding  to  Figs.  62  and  63  are : 
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HO- 


HO- 


-OOOH  H- 

and 
-COOH  H- 


H 


-COOH 


-COOH 


OH 

n. 


These  apparently  different  oonflgnrations  are  identical,  as  may  be 
easily  seen  by  writing  the  first  in  another  way  (] 

OH 


COOH- 
COOH- 


-H 
-H 


OH 

If  the  last  projection-formula  is  rotated  in  the  plane  of  the  paper 
through  180°,  it  will  coincide  with  II.  A  comparison  of  this  scheme 
with  that  in  194  shows  it  to  be  the  configuration  representing  meso- 
tartaric  acid.  It  follows  that  addition  of  two  hydroxyl-groups  to 
maleic  acid  produces  only  mesotartaric  acid. 

A  different  result  is  obtained  by  addition  of  two  OH-groups  to 
f umaric  acid,  as  will  be  seen  from  Figs.  64  and  65. 

By  the  breaking  of  the  bonds  1,  1',  or  2,  ^  by  addition,  two  con- 
figirrations  are  obtained  which  cannot  be  made  to  coincide  by  rotation. 
This  will  be  better  understood  from  the  following  projection-formul»: 

COOH  COOH 


HO- 


HO- 


-H 
-COOH 


HO- 


H- 


H 
OH 


-H 
-OH 


COOH 
COOH 


OOOH- 
H- 


-H 
-COOH 


H- 
HO- 


OH 


-OH 


COOH 


A  comparison  of  these  with  those  on  p.  231  shows  that  the  former 
represent  dextro-tartaric  and  IsBvo-tartaric  acids. 
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Racexoic  SnbstanceB,  and  their  Separation  into  Optically  Active 

Conititnents. 

196.  Experience  has  shown  that  optically  active  isomers, 
rotating  the  plane  of  polarization  in  opposite  directions,  display 
no  difference  in  their  other  physical  or  in  their  chemièal  proper- 
ties. They  have  the  same  solubility,  boiling-point,  and  melting- 
point;  their  salts  crystallize  with  the  same  number  of  molecules  of 
water  of  crystallization,  etc.  It  follows  that  the  separation  of  an 
optically  inactive  substance  into  its  optically  active  components 
cannot  be  effected  by  the  ordinary  methods,  since  these  are  based 
on  differences  in  physical  properties. 

Pasteur  has  put  forward  three  methods  for  effecting  this 
separation.  The  first  of  these  depends  upon  the  fact  that  the  salts 
of  racemic  acids  sometimes  crystallize  from  solution  in  two  forms, 
one  corresponding  to  the  dextro-salt,  and  one  to  the  laavo-salt ;  these 
may  subsequently  be  mechanically  separated.  Pasteur  showed 
this  for  sodium  ammonium  racemate,  CgHgO,2Na,(NHJ,+ 2H,0. 
Van  't  Hoff  proved  later  that  crystals  of  the  dextro-tartrate  and 
IsBvo-tartrate  are  only  obtained  from  this  solution  at  temperatures 
below  28°,  this  being  the  transition-point  for  these  salts  (**  Inor- 
ganic Chemistry,"  70): 

2Na.NH,C,H,0,.4H,0  ;i^  C,H,0uNa,(NHJ,.2H,0  +  6H,0. 

Deztro-  +  18BTO-  Na-NH4-tartrate  NaNH4-r«oemate 

Fig.  66  represents  the  crystal-forms  of  the  two  tartrates,  the 
difference  between  them  being  due  to  the  positions  of  the  planes 
a  and  h.  The  crystal-forms  are  mirror-images  of  one  another, 
and  cannot  be  made  to  coincide. 

Pasteur's  second  method  of  separation  depends  upon  a  differ- 
ence in  solubility  of  the  salts  of  the  optically  active  acids,  when 
they  contain  an  optically  active  base.  So  long  as  the  base  with 
which  a  dextro-acid  or  a  laevo-acid  is  united  is  optically  inactive, 
as  in  the  metallic  salts,  the  internal  structure  of  the  molecule 
remains  unchanged;  the  constitution  of  the  salt-molecules,  like 
that  of  the  free  acids,  may  be  represented  by  configurations  which 
are  the  mirror-images  of  one  another.  But  this  is  not  so  when 
the  dextro-acid  and  the  laevo-acid  have  united  with  an  optically 
active  (for  example,  a  dextro-rotatory)  base;  the  configurations  of 
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th§  salt-molecales  are  then  no  longer  mirror-images  of  one  another, 
and  identity  of  physical  properties  must  of  necessity  cease. 

Eacemic  acid  can  in  this  way  be  separated  by  means  of  its 
cinchonine  salt,  since  cinchonine  l»vo-tartrate  is  less  soluble  than 
the  dextro-tartrate,  and  crystallizes  out  from  solution  first. 
Strychnine  may  be  advantageously  used  in  the  separation  of  lactic 
acid  into  its  components,  and  other  examples  of  the  same  kind 
might  be  cited. 

The  conyersion  of  optically  active  substances  into  others  whose 
configurations  are  no  longer  mirror-images  of  one  another,  can  be 


> 


Fig.  66.~CllY8TAL-F0RMS  OF  THB  SODIUM  AMMONIUM  TARTRATES. 

effected  in  other  ways;  thus,  in  the  case  of  acids,  by  the  formation 
of  an  ester  with  an  optically  active  alcohol.  The  velocity  of  ester- 
formation  with  an  optically  inactive  alcohol  must  be  the  same  for 
both  isomers,  on  account  of  the  perfectly  symmetrical  structure  of 
the  esters  formed;  but  with  an  optically  active  alcohol  the  two 
isomers  are  not  esterified  at  the  same  rate,  since  the  compounds 
formed  are  no  longer  mirror-images  of  one  another.  Mabgkwald 
has  shown  that  when  racemic  mandelic  acid  (347,  3)  is  heated  for 
one  hoar  at  155°  with  menthol  (363),  an  active  alcohol,  the  non- 
esterified  acid  is  laevo-rotatory. 

Whilst  the  solubility  of  optical  isomers  in  an  optically  inactive 
solvent  is  the  same,  it  must  be  different  in  an  optically  active 
solvent.  For,  it  is  evident  that  the  solubility  of  a  compound  de- 
pends on  the  configuration  of  its  molecules  as  well  as  on  those  of 
the  solvent,  since,  on  the  one  hand,  the  solubility  of  isomers  is  in 
genera]  dissimilar,  and,  on  the  other,  the  same  substance  dissolves 
in  different  solvents  in  wholly  different  proportions.  It  is  true 
that  optically  active  isomers  have  a  perfectly  similar  structure,  but 
in  relation  to  an  optically  active  solvent  their  configurations  are 
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different;  so  that  they  behaye  towards  it  like  ordinary  isomers, 
and  must,  therefore,  have  different  solubilities.  Kipping  and 
Pope  have  proved  this  for  sodium  ammonium  racemate  by  frac- 
tional crystallization  from  a  solution  ot  dextrose,  which  is  dextro- 
rotatory; in  the  first  fractions  they  found  a  marked  preponderance 
in  the  amount  of  the  dextro-rotatory  salt. 

The  third  method  of  separation  devised  by  Pasteur  depends 
on  the  action  of  mould-fungi  {Penicillium  glaucurn),  or  of  bacteria. 
Thus,  when  racemic  lactic  acid  in  very  dilute  solution  is  treated 
with  the  Bacillus  acidi  lavolacHci,  after  addition  of  the  necessary 
nutriment  fpr  the  bacteria,  the  optically  inactive  solution  becomes 
laevo-rotatory,  since  only  the  dextro-rotatory  acid  is  converted  by 
the  bacilli  into  other  substances.  A  dilute  solution  of  racemic 
acid,  into  which  traces  of  the  mould-fungus  Penicillium  glancum 
have  been  introduced,  becomes  laBVO-rotatory,  since  the  fungus 
propagates  itself  with  decomposition  of  the  dextro-rotatory  acid. 

The  second  and  third  methods  of  separation  are  alike  in  prin- 
ciple. During  their  growth,  the  bacteria  and  fungi  develop  sub- 
stances called  enzymes,  which  decompose  compounds  in  a  way 
hitherto  unexplained.  These  enzymes  are  optically  active;  hence, 
a  difference  in  their  action  on  the  optical  isomers,  analogous  to  that 
described  above,  is  to  be  expected. 

197.  When  a  racemic  substance  is  liquid  or  gaseous,  it  consists 
only  of  a  mixture  of  the  two  isomers;  an  example  of  this  was 
cited  in  connection  with  racemic  acid  in  solution,  and  in  the  form 
of  esters  (193).  If  the  substance  is  crystalline,  there  are  three 
possibilities. 

First,  the  individual  crystals  may  be  dextro-rotatory  or  laevo- 
rotatory,  so  that  the  two  modifications  can  be  mechanically 
separated.  This  is  expressed  by  the  statement  that  the  racemic 
substance  is  a  conglomerate  of  the  isomers. 

Second,  it  may  be  a  true  compound  of  the  dextro-modification 
and  IsBvo-modification,  a  racemic  compound,  the  formation  of 
which  may  be  compared  to  that  of  a  double  salt,  when  a  solution 
containing  two  salts  is  allowed  to  crystallize  under  certain  condi- 
tions. 

The  third  possibility  is  also  analogous  to  the  crystallization  of 
salt-solutions,  whereby  crystals  are  sometimes  obtiiined  containing 
both  salts,  but  in  proportions  varying  in  different  crystals.     It 
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sometimes  happens  that  the  salts  crystallize  together  in  all  propor- 
tions, but  usually  these  can  vary  only  between  certain  limits. 
The  simultaneous  crystallization  of  salts  ün  this  way  gives  rise  to 
the  so-called  mixed  crystals.  When  this  occurs  with  optical 
isomers,  pseudoracemic  mixed  crystals  result. 

Which  of  these  three  kinds  of  crystals  crystallize  from  a  given 
solution  or  fused  mass  of  a  racemic  substance— a  conglomerate,  a 
racemic  compound,  or  pseudoracemic  mixed  crystals — depends 
upon  the  temperature  at  which  the  crystallization  takes  place,  and 
upon  other  conditions.  An  example  of  this  has  been  already 
mentioned,  sodium  ammonium  racemate ;  when  concentrated  above 
28°  the  racemate  crystallizes  from  the  solution  of  this  salt;  below 
this  temperature  a  mixture  of  the  individual  tartrates — the  con- 
glomerate— is  obtained. 

Bakhuis  Boozeboom  has  indicated  a  general  method  of  distin- 
guishing between  these  three  classes  of  compounds,  ^ot  a  con- 
glomerate, this  is  simple.  A  saturated  solution  is  made;  it  will  be 
of  necessity  optically  inactive,  and  saturated  alike  for  the  dextro- 
rotatory and  for  the  laBvo-rotatory  body.  If  now  the  solid 
dextro-compound  or  laBvo-compouud  is  added,  and  the  mixture 
shaken  up,  nothing  further  will  dissolve,  since  the  liquid  is  already 
saturated  with  the  two  isomers;  the  amount  of  dissolved  substance 
is  still  the  same,  and  the  solution  remains  optically  inactive.  On 
the  other  hand,  if  a  racemic  compound  was  present,  although  the 
solution  was  saturated  in  the  first  instance  with  respect  to  this,  it 
is  unsaturated  with  respect  to  the  two  optically  active  modifica- 
tions; addition  of  the  solid  dextro-rotatory  or  lasvo-rotatory  sub- 
stance would  cause  a  change  in  the  total  quantity  of  solid  dissolved, 
and  the  liquid  would  become  optically  active.  The  methods 
employed  to  detect  pseudoracemic  mixed  crystals  are  sometimes 
less  simple. 

lY.   P0LTBA8IG   HTSBOXT-ACIDS. 

198.  Of  these  acids  it  will  be  sufficient  to  describe  the  tribasic 
citric  acid,  C,HgO, ,  which  is  widely  distributed  in  the  vegetable 
kingdom,  and  is  also  found  in  cows'  milk.  It  is  prepared  from 
the  juice  of  unripe  lemons,  in  which  it  is  present  to  the  extent  of 
6-7j^.  The  tricalcium  salt  of  citric  acid  is  easily  soluble  in  cold 
water,  but  very  slightly  in  boiling  water;  this  property  is  made 
use  of  for  its  separation  froi^  lemon  juice,  the  acid  being  obtained 
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in  the  free  state  by  the  subsequent  addition  of  sulphuric  acid. 
Another  technical  method  for  its  preparation  depends  upon  the 
tact  that  certain  mould-fungi  {Oitromyces  pfefferianus  and 
C.  glaber)  produce  considerable  quantities  of  citric  acid  from 
glucose  or  sugar. 

Citric  acid  can  be  obtained  synthetically  by  a  method  which 
proTos  its  constitution.  On  oxidation,  symmetrical  dichlorhydrin, 
CH,a.CHOH.CH,Cl  (162),  is  converted  into  symmetrical  di- 
chloroacetone,  GH,G1  •  CO  •  CH,C1.     The  cyanhydrin  synthesis  con- 

OH 
verts  this  into   CH,C1-C^CH,C1,  which,   on  hyiJrpJysis,   yields 

^CN 
OH 
the  hydroxy-acid,  CH,C1  •  C^CH,CL      On  treatment  of  this  com- 
pound with  potassium  cyanide,  a  dicyanide  is  formed,  which  is 
converted  by  hydrolysis  into  citric  acid : 

CH,CN  CH,-COOH 

(^^OH  ^      A  .OH 

V^COOH  ^      V     COOH    • 

Cn,CN  CH,-COOH 

The  alcoholic  character  of  citric  acid  is  indicated  by  the  reac- 
tion of  its  triethyl  ester  with  acetyl  chloride,  an  acetyl-compound 
being  formed. 

Citric  acid  forms  well-defined  crystals  containing  one  molecule 
of  water  of  crystallization,  and  is  readily  soluble  in  water  and 
alcohol.  It  loses  its  water  of  crystallization  at  130"^,  and  melts  at 
153°.  It  is  used  in  the  manufacture  of  lemonade,  and  in  calico- 
printing. 

y.  AMnrcAciDB. 

199.  The  amino-acids  contain  one  or  more  amido-groups  in 
direct  union  with  carbon.  They  are  of  physiological  importance, 
since  many  of  them  result  from  the  decomposition  of  albumins, 
and  some  of  them  also  occur  in  nature.  They  can  be  obtained 
synthetically  by  the  following  methods. 

1.  By  the  action  of  the  halogen-substituted  fatty  acids  on 
ammonia,  a  method  analogous  to  the  formation  of  amines: 


H,N  H  +  Cl  H,C .  COÖH  =  H,N  •  CH,  •  COOH  +  HCl 
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%.  By  reduction  of  ozimes  with  sodium  amalgam : 
R.C(NOH).COOH  +  4H  =  R.CHNH,.COOH  +  H,0. 

This  is,  therefore,  a  method  for   converting  ketonic  acids  into 
amino-acids. 

3.  a-Amino-acids  are  formed  by  the  action  of  ammonia  upon 
the  cyanhydrins  of  aldehydes  or  ketones,  and  subsequent  hydrolysis 
of  the  nitrile-group : 

H  /H 

Aoetaldehyde  Lactonitrile 

-►  CH,-  Cf  NH,  -►  CH,-  C(-NH,    , 
\CN  \COOH 

Alanine  nitrile  Alanine 

The  amino-acids  possess  two  opposite  characters;  they  form 
salts  with  both  acids  and  bases,  and  are  therefore  both  basic  and 
acidic  at  the  same  time. 

Beplacement  of  the  hydrogen  of  the  amido-group  by  radicles 
yields  amino-acids  of  a  more  complicated  character.  Thus,  like 
ammonia,  with  acid  chlorides  they  yield  an  acid  amide,  in  which 
one  hydrogen  atom  of  the  amido-group  has  been  replaced: 

R.CO|cr+]H|HN.CH,.COOH==R.CO.NH.CH,.COOH  +  HCl. 

Compounds  of  this  kind  are  therefore  both  amino-acids  and  acid 
amides. 

Amino-acids  in  which  the  hydrogen  of  the  amido-group  is 
replaced  by  alkyl  are  also  known.    They  are  obtained  by  the  action 
of  amines,  instead  of  ammonia,  on  the  halogen-substituted  acids: 
(CH.),N|hTC1|H,C  .  COOH  =  (CH,),N  •  CH,  •  COOH  +  HCl. 

The  amino-acids  undergo  most  of  the  decompositions  charac- 
teristic of  amines;  thus,  with  nitrous  acid  they  yield  hydroxy- 
acids,  just  as  the  amines  yield  alcohols. 

The  same  remarkable  difference  of  properties,  occasioned  by 
the  position  of  the  amido-groups  relative  to  the  carboxyl-groups, 
is  displayed  by  the  amino-acids,  as  has  been  described  in  178  and 
183  in  connection  with  the  halogen-substituted  acids  and  hydroxy- 
acids.     The  a-amino-acids  readily  yield  anhydrides  (acid  amides) 
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by  the  elimination  of  two  molecules  of  water  from  two  moleoalea 
of  acid : 


CH.  •  NH  H  HO  OC  CH,NHOC 

I   , '   I     =  aH,o  +1  I    . 

CO  OH  HHNCH,  '     ^  CO HNCH. 


*a  x>vr  o^^iv/u.. 


The  /9-ammo-acids  easily  split  off  ammonia,  with  formation  of 
unsaturated  acids.  In  this  way,  /9-aminopropionic  acid,  obtained 
from  /5-iodopropionic  acid,  is  converted  on  heating  into  acrylic 
acid  and' ammonia: 

|NH;[-CH,»CH|H|  •  COOH  =  NH,  +  CH,:  CH  •  COOH. 


Like  the  y-hydroxy-acids,  the  ;^-amino-acids  yield  inner  anhy- 
drides; these  substances  are  called  lactams  on  account  of  their 
similarity  to  the  lactones: 

CH,  •  CH,  •  CH,-  CO  CH,  •  CH,  •  CH,  •  CO 

I      l_  =  H,0  +   I . 


NHH  OH 


NH- 


y-AmiDObutyric  acid  LacUzo  of  Y-ominobutyrio  add 

The  esters  of  amino-adds  can  be  obtained  in  the  usual  way,  by 
dissolving  the  acids  in  absolute  alcohol  and  treating  this  solution 
with  hydrochloric-acid  gas  (97).  The  salts  of  hydrochloric  acid 
are  the  primary  products  (e.g.,  HC1.NH,'CH,  •CO,C,Hj,  the 
hydrochloride  of  glycocoU  ester),  because  the  amido-group  in  these 
esters  has  its  usual  basic  properties.  The  esters  themselves  are 
prepared  from  these  salts  by  treating  them  in  aqueous  solution  with 
a  concentrated  solution  of  potassium  hydroxide  at  a  low  tempera- 
ture, and  immediately  extracting  the  liquid  with  ether.  Emil 
Fischer  has  proved  that  these  esters  are  very  useful  for  the  purifica- 
tion and  separation  of  amino-acids.  This  is  of  great  importance 
in  the  chemistry  of  proteïds,  which  are  split  up  into  a  series  of 
these  acids  by  the  action  of  acids  or  of  bases. 

Individual  Members. 

200.  OlycocoU,  or  aminoacetic  acid,  NH,*CH,*COOH,  can  be 
obtained  by  boiling  glue  with  dilute  sulphuric  acid  or  with  barium 
hydroxide;  it  owes  its  name  to  this  method  of  formation,  and  to  its 
sweet  taste  {yXvKvs,  sweet;  KoWa,  glue).    It  is  also  prepared  from 
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hippuric  cund,  which  is  present  in  the  urine  of  horses,  and  may  be 
looked  upon  as  glycocoll  in  which  one  of  the  hydrogen  atoms  of 
the  amido-group  has  been  replaced  by  benzoyl,  G^HfiO ;  hippuric 
acid  has  therefore  the  formula  C.H^  •  CO  •  NH  •  CH,COOH,  and,  like 
all  acid  amides,  when  boiled  with  dilute  acids,  splits  up  with  addi- 
tion of  the  elements  of  water: 

C,H,COmNHCH,COOH  =  C.H,  COOH  +  NH,CH,COOH. 

OH  |H  Beniolcacid  GlycoooU 

Hippuric  add 

Glycocoll  can  be  synthetically  prepared  by  the  action  of 
ammonia  on  monochloroacetic  acid. 

Glycocoll  is  a  crystalline  solid,  and  melts  at  232°  with  decom- 
position; it  is  very  readily  soluble  in  water,  and  insoluble  in 
absolute  alcohol.  Like  many  amino-acids,  it  forms  a  well-crystal- 
lized, blue  copper  salt,  soluble  with  difficulty  in  water,  and 
obtained  by  boiling  copper  carbonate  with  a  solution  of  glycocoll. 
It  crystallizes  with  one  molecule  of  water  of  crystallization,  and 
has  the  formula  (NH,CH,COO),Cu  +  H,0. 

Beialne^  C^H^NO, ,  is  a  deriyatiTe  of  trimethylglycocoU;  it  is 
found  in  the  juice  of  the  sugar-beet,  and  accumulates  in  the 
molasses  during  the  manufacture  of  sugar.  It  must  be  looked 
upon  as  an  inner  ammonium  salt, 

(CH,),NCH,-CO 


i 


iH       OH 


since  it  is  synthetically  obtained  from  trimethylamine  by  the  action 
of  monochloroacetic  acid,  with  elimination  of  HCl : 

(CH,),N    +    C1-CH,-C00H  =  (CH,),N-CH,-CO 

I  0 


ICI  H 


This  reaction  is  analogous  to  the  interaction  of  alkyl  halides  and 
tertiary  amines,  yielding  the  salts  of  the  ammonium  base. 

Betaïne  forms  large  crystals  with  one  molecule  of  water,  which 
it  loses  at  100®,  or  when  allowed  to  stand  over  sulphuric  acid.  On 
heating,  it  decomposes,  with  formation  of  trimethylamine. 

Many  tertiary  amines  can  be  converted  into  substances  with  a 
constitution  analogous  to  that  of  betaine;  that  is,  inner  salts  of 
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ammoniam  bases.     These  compounds  have    the  general  name 
betaines. 

Alanine^  or  or-aminopropionic  acid,  OH,CH(NH[,)-COOH,  ie 
synthetically  prepared  by  the  action  of  ammonia  on  ar-chloro- 
propionic  acid. 

Leucine,  or  a-aminoisobutylacetic  acid, 

(CH,),CH  •  CH,  CH(NH,)  COOH, 
results  along  with  glycocoU  from  the  decomposition  of  albumins  by 
the  action  of  acids  or  alkalis,  or  by  putrefaction.     It  is  syntheti- 
cally obtained  from  isovaleraldehyde-ammonia  by  the  action  of 
Jiydrocyanic  acid,  and  hydrolysis  of  the  resulting  nitrile: 


./ 


(CH,),CH.CH,.C^|OH  +  H  CN 


NH, 

iBOvAleraldehyde-ammoola 

-»  (CH,),CH.CH,.CH(NH,).00,H. 

Leucine 

Oxidation  with  manganese  dioxide  and  dilute  sulphuric  acid  con- 
verts leucine  into  carbon  dioxide,  water,  and  valeronitrile: 

!  HT|00,|h 


C,H..C 

N 


H,  +  00 


=  C,H,.CN  +  C0,  +  2H,0. 


It  is  remarkable  that  in  this  oxidation  a  substance  is  obtained 
which  does  not  contain  oxygen.  The  leucine  obtained  from 
albumins  is  optically  active;  its  formula  contains  an  asymmetric 
carbon  atom. 

Asparagine  is  often  present  in  sprouting  seeds;  to  the  extent  of 
20-30j<  in  dried  lupine  seeds.     It  may  be  looked  upon  as  the 

amic    acid   (165)   of  aminosuccinic  acid,   CjH,(NH,)<p^^o% 

since  on  hydrolysis  it  is  converted  into  aminosuccinic  acid 
{aspariic  acid),  COOH  •CH(NH,)CH,- COOH,  whose  structure  is 
inferred  from  its  conversion  into  malic  acid  by  treatment  with 
nitrous  acid.  Asparagine  prepared  from  seeds  is  sometimes 
dextro-rotatory,  but  generally  l»vo-rotatory.  The  former  is  sweet, 
the  latter  tasteless. 

Homologous  with  asparagine  is  glutamine,  which  is  also  present 
in  the  seeds  of  sprouting  plants.  It  is  the  amic  acid  of  a-amino- 
glutaric  acid,  COOH  ■  CH(NH,)  •  CH,  •  CH,  •  COOH. 
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Diamino-acids  are  also  obtained  by  the  splitting  up  of  proteïds; 
ïhxLR,  lysine,  C^Hj^N,0,  is  produced  by  the  action  of  acids  on 
albumins.  Putrefaction-bacilli  decompose  it  with  formation  of 
pentamethylenediamine  (162),  and,  as  it  is  an  acid,  it  is  probable 

that  it  has  the  formula  NH,CH,.(CH,),.CH<^^^jj'  and  is  an 

a€-diaminocaproic  acid. 

Ornithine  is  the  next  lower  homologue  of  lysine;  it  hac  the 
formula  C,H„N,0,  or  NH, -CH.-CH,  CH,- CH(NH,) -COOH; 
by  the  action  of  bacteria  it  yields  putrescine  or  tetramethylene- 
diamine  (162).  Its  structure  is  proved  by  Emil  Fischeb^s 
Bjnthesis  (328). 

Diazoaoetio  Ester. 

201.  CuBTius  has  obtained  a  yellow  oil  of  characteristic  odour  by 
the  action  of  nitrous  acid  on  the  ethyl  ester  of  glycocoU;  this  sub- 
stance explodes  on  heating,  and  has  the  formula  C4HcNsOs.  The 
method  of  its  formation,  and  its  constitutional  formula,  are  indicated 
in  the  Allowing  equation: 

CH.OOC  •  CH, .  NH,  +  HNO,  =  CH.OOC  -  CH<^  ||  +  2H,0. 
Glycocoll  eater  N 

It  is  called  diazoacetic  ester;  its  constitution  is  inferred  from  the  fact 
that  its  two  nitrogen  atoms  are  replaceable  by  two  monovalent  groups 
or  elements;  thus,  on  heating  with  water,  it  is  converted  into  the  ethyl 
ester  of  glycollic  acid : 


C,HjOOCCH<^ 


+  gjj  =  C,H500C.CH<g2  +  N,. 


In  this  way  it  yields  monochloroacetio  ester  with  hydrochloric  acid 
and  di-iodoacetic  ester  with  iodine.  The  hydrogen  atom  of  the 
CHNi-group  is  replaceable  by  metals,  sodium  dissolving  in  diazoacetic 
ester  with  evolution  of  hydrogen. 


DIALDEHTSES  AHS  DDESTOVES;   HALOOEH-SiniSTITirTED 
ALDSHTSE8  AHS  XET0HS8. 


Dialdehydtt. 

202.  Only  the  simplest  member  of  the /series  of  dialdehjdes^ 
glyoxaly  is  known.     It  is  a  combination  of  two  aldehyde-groaps 

^\C — C/'q.     It  is  usually  prepared  by  carefully  floating  a  layer 

of  water  on  the  surface  of  strong  nitric  acid  contained  in  a  tall  glass 
cylinder,  and  pouring  ethyl  alcohol  on  the  surface  of  the  water, 
care  being  taken  that  the  layers  do  not  mix.  The  nitric  acid  and 
alcohol  diffuse  into  the  water;  the  alcohol  is  slowly  oxidized,  with 
formation  of  glyoxal,  giycoUic  and  oxalic  acids,  and  other  substances. 
Glyoxal  is  a  colourless,  amorphous  substance;  when  moist, 
it  dissolves  readily  in  water,  but  very  slowly  after  complete  drying 
in  vacuo  at  110-120°.  Its  combining  with  two  molecules  of  sodium 
hydrogen  sulphite,  and  its  yielding  a  dioxime,  prove  it  to  be  a 
double  aldehyde.  It  also  undergoes  the  other  reactions  peculiar 
to  the  aldehydes,  such  as  the  formation  of  a  silver  mirror.  On 
oxidation,  it  takes  up  two  atoms  of  oxygen,  yielding  oxalic  acid,  of 
which  it  is  the  dialdehyde.  On  treatment  with  caustic  potash, 
glyoxal  is  converted  into  glycoUic  acid,  one  aldehyde-group  being 
reduced  and  the  other  oxidized.  This  reaction  may  be  explained 
by  the  assumption  that  an  addition -product  with  water  is  formed, 
in  accordance  with  the  scheme 


H    H 

h-h 

U     M      =      OH,OH-COOH. 

jy  OlyoolMcadd 

H.  0 
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DiketoneB. 


203.  The  diketones  contain  two  carbonyl-gronps^  whose  relative 
positions  determine  the  methods  of  preparation  of  these  com- 
ponndSy  and  their  properties.    1 : 2-Diketones  are  known  contain- 

1  «  1*28 

ing  the  group  —CO  •  CO—;  1 : 3-diketones  with  —CO  •  CH,  •  CO— ; 

18  8  4 

l:4-diketone8  with  — COCH,CH,CO— ;  and  so  on. 

1 :  2'Diketone8  cannot  be  obtained  by  the  elimination  of  chlorine 
from  the  acid  chlorides  by  the  action  of  a  metal. 


JlC0|Cl  +  Na,  +  C10C  R, 


a  method  which  naturally  suggests  itself.  Their  preparation  has 
to  be  effected  by  the  action  of  amyl  nitrite  and  a  little  hydro- 
chloric acid  on  a  ketone,  whereby  one  of  the  CH,-groups  is  con- 
verted into  C=NOH. 


ECOC 


s- 


^'       ->      KCOCK' 

I 

NOC,H„  NOH 


These  compounds  are  called  isonitrosoketones.  When  boiled  with 
dilute  sulphuric  acid,  the  oxime-group  is  split  off  as  hydroxyl- 
amine,  with  formation  of  the  diketone.  The  ietoaldehydes, 
which  are  both  ketones  and  aldehydes,  and  contain  the  group 

— CO'C^^y  can  also  be  obtained  by  this  method. 


Diacetyly  CH,-  CO  *  CO  *  CH,,  can  be  prepared  from  methylethyl- 
ketone  in  the  way  described  above.  It  is  a  yellow  liquid  with  a 
pungent,  sweetish  odour,  and  is  soluble  in  water;  its  vapour  has 
the  same  colour  as  chlorine.  Diacetyl  boils  at  88°,  and  has  a 
specific  gravity  of  0  •  973  at  20°.  Its  behaviour  is  that  of  a  sub- 
stance containing  two  carbonyl-groups;  it  adds  on  2HCN,  yields  a 
mono-oxime  and  a  di-oxime,  etc.  The  two  carbonyl-groups  are 
shown  to  be  next  to  each  other  by  the  action  of  hydrogen  perox- 
ide, which  converts  it  quantitatively  into  acetic  acid : 

CH.^CO-|CO .  CH.  _^  2CH.  •  CO  •  OH. 
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1 :  S'Diketones  can  be  prepared  by  a  condensation-method  dis- 
covered by  Claisen^  which  is  of  general  application.  He 
employs  sodium  ethoxide  as  the  condensing-agent,  an  addition- 
product  being  formed  when  this  substance  is  brought  into  contact 
with  an  ester: 

0  Na  /^^^ 

^  •  ^ocA  +  OC.H,  =  ^  •  ^\S^;g;- 

This  addition-product  is  then  treated  with  a  ketone  B'-GO'CH,, 
whose  methyl-group  reacts  in  such  a  way  as  to  eliminate  two  mole- 
cules of  alcohol^  with  formation  of  a  condensation-product : 


EC^ 


ONa 


OC,H,  ,  H 
OC,H,  +  H 


OVft 
CH.C0.K'=K.C4cH.C0-B'+^^>°»^^- 


On  treatment  of  this  compound  with  a  dilute  acid,  the  sodium 
atom  is  replaced  by  hydrogen.  This  might  be  expected  to  produce 
a  compound  containing  a  hydroxyl-group  in  union  with  a  doubly- 
linked  carbon  atom;  it  has  been  already  mentioned  (186)  that 
compounds  of    this  type  are    as    a    rule  unstable,   the    group 

OH 
— C=CH —  passing  into  — CO — CH, — .     This  rule  holds  good  in 

OH 
the  present  instance,  E-C=ÖH-CO'K'  yielding  a  1 : 3-diketone, 
RCO— CH,— COB'. 

Another  method  for  the  preparation  of  1: 8-diketones  is  the  action 
of  acid  chlorides  on  the  sodium  compounds  of  acetylene  homologues : 


0H,.(CH.)4'CgC|Na  -f  (Jl|OC-CH,--»CH,»(CH.)4»CgO»CO»CH,. 
6odlo-7i-amylacetylene    Acetyl  chloride 

By  treating  this  ketone  with  concentrated  sniphnrio  acid,  water  is 
added  on,  and  the  desired  diketone  obtained : 

CH,.(CH,)4.C=C.C0.CH.  =  CH,.(CH,)4-C0.CH,.C0.CH,. 
+     O    H. 

These  diketones  have  a  weak  acidic  character,  their  dissocia- 
tion constants,  which  have  been  determined  for  some,  including 
acetylacetone,  CH,-CO-CH/CO -CH,,  being  very  small.  They 
contain  two  H-atoms  replaceable  by  metals — ^those  of  the  methy- 
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ieiie-group.  between  two  negative  carbonyl-groups;  for  if  it  were 
the  other  hydrogen  atoms  which  could  be  thus  exchanged  for 
metals^  there  is  no  reason,  since  they  are  of  equal  value,  why  two, 
and  only  two,  should  be  replaceable. 

Acetylaoetone  is  obtained  by  the  condensation  of  ethyl  acetate  and 
acetone  in  the  manner  described  above.  It  is  a  colourless  liquid  of 
agreeable  odour ;  B.P.  187',  so.  gr.  0979  at  15*.  When  boiled  with 
water,  it  splits  up  into  acetone  and  acetic  acid,  this  reaction  affording 
another  example  of  the  instability  of  compounds  containing  a  carbon 
atom  loaded  with  negative  groups. 

Among  the  salts  of  acetylacetone  may  be  mentioned  the  copper 
salt,  (C»HtOs)iCu,  which  is  sparingly  soluble  in  water ;  and  the  vola- 
tile aluminium  salt,  (C»IlTOi)tAl.  By  a  determination  of  the  vapour 
density  of  this  compound,  Combes  has  shown  that  the  aluminium 
atom  is  trivalent.  Many  of  these  salts  are  insoluble  in  water,  but 
soluble  in  benzene,  chloroform,  or  other  organic  solvents;  this  makes 
it  doubtful  whether  they  are  true  salts. 

As  a  type  of  the  1 :  ^-dihetones  may  be  cited  aceionylcicetone, 
CH,-CO-CH,-CH,-CO-CH,,  the  preparation  of  which  will  be 
described  later  (285).  It  is  a  colourless  liquid  of  agreeable  odour; 
B.P.  193%  sp.  gr.  0-970  at  21°.  Acetonylacetone  and  other 
1 : 4-diketones  yield  a  variety  of  compounds  containing  a  closed 
chain,  which  will  be  treated  of  in  391-393. 


Halogen-Bnbstitnted  Aldehydes. 

204.  Chloral  or  trichloroacetaldehyde,  CC1,-C^q,  is  of  great 

importance  from  a  medical  standpoint.  With  one  molecule  of 
water  it  forms  a  crystalline  compound,  wHich  is  used  as  a  soporific 
under  the  name  chloral  hydrate,  and  is  technically  prepared  by 
saturating  ethyl  alcohol  with  chlorine.  The  alcohol  must  be  as 
free  from  water  as  possible,  and  the  chlorine  must  be  carefully 
dried.  At  first  the  reaction-mixture  is  artificially  cooled,  but  after 
a  few  days  the  process  becomes  less  energetic,  and  the  temperature 
is  slowly  raised  to  60°,  and  finally  to  100°. 

This  reaction  may  be  explained  by  assuming  that  the  alcohol  is 
first  converted  into  aldehyde,  which  is  then  transformed  into 
acetal,  dichloroacetal,  and  trichloroacetal;  the  last  compound  is 
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conyerted,  bj  the  hydrochloric  acid  produced,  into  chloral  alcohol- 
ate,  CC],-GH<^^^*.  Dichloroacetal  and  other  intermediate 
products  of  this  reaction  have  been  isolated: 

CH,.CH,OH  +  C1,=CH,-  CH<lgL  +  HCl  =  CH,-  C  J  +  2HC1; 

Atoohol  Aldehyde 


Hi     H 
OH..Cjö!  +  H 


^A=cH..CH<2g|;+H.O; 


CH,CH<g^'2*  -*  CHCl.CH<g^^»  -♦ 

Aoetal  DioUonwoetal 


Tricbloroaceuü  Chloral  alooholate 

The  final  product  of  chlorination  is  a  crystalline  mixture  of 
chloral  alcoholate^  chloral  hydrate^  and  trichloroacetal,  from 
which  chloral  is  obtained  by  treatment  with  concentrated  sul- 
phuric acid.  It  is  an  oily  liquid  of  penetrating  odour,  boiling  at 
97%  and  having  a  specific  gravity  of  1*512  at  20°.  When  treated 
with  water,  it  is  converted  with  evolution  of  heat  into  the  well- 
crystallized  chloral  hydrate.     To  this  compound  is  assigned  the 

OH 
formula   CCl,-GH<Q-rT,  as  it  does  not  show  all  the   reactions 

peculiar  to  aldehydes.  Thus,  it  does  not  restore  the  red  tint  of  a 
solution  of  magenta  (366)  which  has  been  decolourized  with  sul- 
phurous acid  (116,  3).  Chloral  hydrate  is,  therefore,  one  of  the 
few  known  compounds  containing  two  OH-groups  in  union  with  a 
single  G-atom  (233  and  237). 

Chloral  further  possesses  the  aldehyde  reactions;  for  instance, 
it  reduces  an  ammoniacal  silver  solution  with  formation  of  a  mirror, 
and  is  oxidized  by  nitric  acid  to  trichloroacetic  acid.  Solutions  of 
the  alkalis  decompose  it  at  ordinary  temperatures  with  formation  of 
chloroform  and  formic  acid : 


CCl,- 
+   H 


Co      =      CC1.H  +  HC<Jh- 
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On  account  of  its  purity^  chloroform  prepared  in  this  manner  is 
Referred  for  pharmaceutical  use. 

The  formation  of  chloroform  from  chloral  by  the  action  of 
alkaline  liquids  suggested  the  use  of  chloral  as  a  soporific,  it  being 
expected  that  the  alkaline  constituents  of  the  blood  would  decompose 
it  with  the  formation  of  chloroform,  thus  generating  the  latter  in  the 
body  itself.  Liebreich  showed  that  chloral  has  in  fact  a  soporific 
action,  but  more  recent  investigation  has  proved  this  to  be  independ- 
ent of  the  formation  of  chloroform,  since  the  chloral  is  eliminated 
from  the  system  as  a  complicated  derivative,  urochloralic  acid. 

Halogen-Bnbstitnted  Ketones. 

905.  An  example  of  this  class  of  compounds,  dichloroa^etone, 
GHflOl-GO-CHsCl,  was  mentioned  in  198.  Variously  substituted 
ketones,  some  of  which  have  a  powerful  odour,  are  obtained  from 
acetone  by  direct  ohlorination. 


ALDEHTDE  AlTD  EETOHE  ALCOHOLS  OB  SVOAKS. 

206.  The  term  ^*  sugars  '*  formerly  included  compounds  con- 
taining siz^  or  a  multiple  of  six^  carbon  atoms^  and  hydrogen  and 
oxygen  in  the  proportions  to  form  water.  To  this  they  owed  the 
name  carbohydrates.  When  boiled  with  dilute  acids,  the  sugars 
containing  a  multiple  of  six  carbon  atoms  decompose,  taking  up 
the  elements  of  water,  with  formation  of  carbohydrates  containing 
six  carbon  atoms: 

0„H„0,,  +  H[,0  =  20.H„0.. 

Cane-8U«ar 

The  latter  had  the  general  name  monosaacJiarides,  while  those 
containing  n  X  Q  carbon  atoms  were  called  polysaccharides. 
Among  the  monosaccharides  were  grape-sugar,  or  glucose,  and 
fruit-sugar,  or  fructose,  both  with  the  formula  C^H„Oe;  the 
polysaccharides  included  cane-sugar  and  milk-sugar,  with  the 
formula  C^Hj^On,  and  starch  and  cellulose,  (C,n,^05)x,  of  un- 
known molecular  weight. 

Many  monosaccharides  containing  six  carbon  atoms  have  been 
prepared  since  1887,  chiefly  through  the  researches  of  Emil 
Fischer,  and  several  new  saccharides  containing  more  or  less  than 
six  carbon  atoms  have  also  been  discovered.  The  constitution 
of  most  of  these  compounds  has  been  determined  with  great 
certainty,  so  that  a  new  light  has  been  thrown  upon  the  chemistry 
of  the  sugars,  and  the  definition  of  these  substances  from  a  chemical 
standpoint  has,  therefore,  undergone  considerable  modification. 

The  monosaccharides  are  aldehyde  alcohols  or  ketone  alcoJioh 
containing  one  or  more  hydrozyUgroups,  one  of  which  is  directly 
linked  to  a  carbon  atom  in  union  with  carbonyl.  The  characteristic 
group  of  these  compounds  is  therefore  — CHOH — CO — . 

Nomenclature  and  General  Properties  of  the  Monoses  and  their 

Derivatiyes. 

207.  The  monosaccharides  have  now  the  general  name  monoees: 
when  they  are  aldehydes  they  are  called  aldoses,  and  when  ketones, 
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Icetoses.  The  number  of  carbon  atoms  in  the  molecule  is  indicated 
by  their  names:  thus,  pentose,  hexose,  heptoee^  etc.  To  denote 
whether  a  compound  is  an  aldehyde  or  a  ketone,  the  prefixes 
"aide-**  and  **keto-*'  respectively  are  used;  as  aldohexose,  Jceto^ 
hezose,  and  so  on. 

The  polysaccharides  are  now  called  polyoses.  When  they  may 
be  regarded  as  derived  from  two  monose  molecules  by  the  elimina- 
tion of  one  molecule  of  water,  they  are  called  biases;  thus,  hexo- 
Moses  when  they  are  formed  from  two  molecules  of  hexose.  The 
polysaccharides  derived  from  three  monose  molecules  by  the  elimina- 
tion of  two  molecules  of  water  are  called  trioses;  as  Aexotriose,  etc. 

like  aldehydes,  the  aldoses  are  converted  by  oxidation  into 
monobasic  acids  containing  the  same  number  of  carbon  atoms, 
the  pentoses  yielding  the  monobasic  petUonic  acids,  and  the 
hezoses  yielding  the  hexonic  adds,  etc.  The  oxidation  can 
be  carried  further;   for  the  general  formula  of    an  aldose  is 

CH,OH-(CHOH)„-C^Q  (209),  and  the  group  CH,OH  can  be 

oxidized  to  carboxyl,  yielding  a  dibasic  acid  containing  the  same 
number  of  carbon  atoms  as  the  aldose  from  which  it  is  derived, 
Ou  oxidation,  the  ketoses  yield  acids  containing  a  smaller  number 
of  carbon  atoms. 

On  reduction,  the  aldoses  and  ketoses  take  up  two  hydrogen 
atoms,  with  formation  of  the  corresponding  alcohols;  thus,  hexose 
yields  a  hexahydric  alcohol,  and  pentose  a  pentahydric  alcohol  (209 
and  211). 

208.  Four  reactions  are  known  which  are  characteristic  of  all 
monoses;  two  of  these  they  possess  in  common  with  the  aldehydes 
(116). 

1.  They  reduce  an  ammoniacal  silver  solution  on  warming, 
fonning  a  metallic  mirror. 

2.  When  warmed  with  alkalis,  they  give  a  yellow,  and  then  a 
brown,  colouration,  and  ultimately  resinify. 

3.  When  an  alkaline  copper  solution  (Fehling  or  Osx,  192) 
is  heated  with  a  solution  of  a  monose,  reduction  takes  place,  with 
formation  of  yellow-red  suboxide  of  Qppper. 

4.  When  a  monose  is  heated  with  excess  of  phenylhydrazine, 
CjHj  •  NH  •  NH, ,  in  dilute  acetic-acid  solution,  a  yellow  compound, 
crystallizing  in  fine  needles,  is  formed;  substances  of  this  type 


256  ORGANIC  CHEMISTRY. 

are  insoluble  in  water,  and  are  caUed  osazones.     Their  formation 
may  be  explained  in  the  following  way. 

It  was  mentioned  in  206  that  the  sugars  are  characterized 
by  their  containing  the  group  — OHOH — CO — .  The  action  of 
phenylhydrazine  on  a  carbonyl-group  has  been  already  explained 
(112);  water  is  eliminated,  and  a  hydrazone  is  formed: 


C|0  +  H,|K-  •  NHC.H,  =  C :  N  •  NHC^H,  +  H,0. 


A  second  molecule  of  phenylhydrazine  then  reacts  with  the  group 
— CHOH — ,  from  which  two  hydrogen  atoms  are  eliminated,  the 
molecule  of  phenylhydrazine  being  split  up  into  ammonia  and 
aniline: 

an-NHNH, 

henylhydnutae       =  O^H^  '  NH,  +  NH,. 
Aniline 

+     H   H 

The  removal  of  two  hydrogen  atoms  from  the  group  — CHOH — 
converts  it  into  a  carbonyl-group,  — CO — ,  with  which  a  third 
molecule  of  phenylhydrazine  reacts,  forming  a  hydrazone,  so  that 


CHOH  ,  _        C=NNHC.H, 

NHC^H, 


the  group     I  is  converted  into    I  ^^^ ;  this  group 


I  I 

is  characteristic  of  the  osazones. 

The  osazones  dissolve  in  water  with  difficulty,  and  this  property 

makes  them  of  great  service  in  the  separation  of  the  monoses,  since 

these  substances  are  very  soluble  in  water,  and  crystallize  with  great 

difficulty,  especially  in  presence  of  salts;  so  that  their  purification 

by  this  method  is  often  impracticable.    By  means  of  the  sparingly 

soluble  osazones,  however,  they  can  be  separated;  these  are  readily 

obtained  in  the  pure  state  by  crystallization  from  a  dilute  solution 

of  pyridine  (386).     Moreover,  the  identity  of  the  monose  can  be 

established  by  a  determination  of  the  melting-point  of  the  osasone 

thus  obtained. 
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Constitution  of  the  Monoses. 

209.  It  will  be  shown  later  that  the  constitution  of  all  the 
monoses  follows  from  that  of  the  aldohexoses,  whose  structure  may 
be  deduced  in  the  following  way. 

1.  The  aldohexoses  have  the  molecular  formula  C^H„0,. 

2.  The  aldohexoses  are  aldehydes,  and,  therefore,  contain  a 
carbonyl-group  in  the  molecule.  This  follows  from  the  fact  that 
they  show  the  reactions  peculiar  to  aldehydes;  that  they  are  con- 
Yerted  by  oxidation  into  acids  containing  the  same  number  of 
C-atoms,  and  by  reduction  into  an  alcohol;  and  that  they  have  the 
power  of  forming  addition-products  with  hydrocyanic  acid. 

3.  All  known  hexoses  contain  a  normal  chain  of  six  carbon 
atoms,  since  they  can  be  reduced  to  a  hexahydric  alcohol,  which, 
on  further  reduction  at  a  high  temperature  with  hydriodic  acid, 
yields  w-secondary  hexyl  iodide,  CH,  •  CH,  •  CHI  •  CH,  •  CH,  •  OH,. 

The  constitution  of  this  iodide  is  inferred  from  the  fact  that  it  can 
be  converted  into  an  alcohol,  which  on  oxidation  yields 

CH,.CH,.CO.CH,.CH,.CH,; 
for  on  further  oxidation  this  is  converted  into  n-hutyric  and  acetic 
acids. 

4.  The  hexoses  have  five  hydroxyl-groups,  since,  when  heated 
with  acetic  anhydride  and  a  small  quantity  of  sodium  acetate  or 
zinc  chloride,  they  yield  penta-acetyl-derivatives. 

These  facts  indicate  the  existence,  in  an  aldohexose,  of 

a  normal  carbon  chain,  C— C — C — C — C — C; 

an  aldehyde-group,         C — C — C — C — C — C^q  ;    and 

„    ^  ,     ,  c-c-c-c-c-c^5. 

fivehydroxyl-gronps.       Ij^^^^^^jj^^j       ^ 

There  are  six  other  hydrogen  atoms  in  the  formula  C^H„0,,  and 
these  will  fit  in  with  the  last  scheme,  if  the  C-atoms  of  the  chain 
are  singly  linked  to  each  other;  the  formula  of  an  aldohexose  will 
then  be 

OH,— CH— CH— CH— CH— C<J. 

in     6r    oh    ^H    (!)H 
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In  these  formnlffi  a  somewhat  arbitrary  assamption  has  been 
made  as  to  the  distribution  of  the  hydrozyl-groups  and  hydrogen 
atoms  relative  to  the  carbon  atoms;  it  is,  however,  in  accordance 
with  the  rule  (166)  that  a  carbon  atom  cannot  usually  be  linked 
to  more  than  one  hydroiyl-group.  A  more  convincing  proof  of 
the  fact  that  the  monoses  do  not  contain  two  hydroxyl-groups  in 
union  with  the  same  carbon  atom,  may  be  deduced  from  the  fol- 
lowing considerations. 

When  a  hexose,  C,H„0^,  is  reduced  to  a  hexahydric  alcohol^ 
C^Hj^O^,  only  two  hydrogen  atoms  are  added  on,  and  this  addition 
must  take  place  at  the  doubly-linked  oxygen  atom,  since  the*tarbon 
chain  remains  unbroken.  K  the  hexose  contains  two  hydroxyl- 
groups  in  union  with  one  carbon  atom,  the  same  must,  therefore^ 
hold  good  for  the  hexahydric  alcohol  derived  from  it.  Compounds 
containing  a  C-atom  in  union  with  two  OH-groups  readily  split  off 
water,  with  formation  of  aldehydes  or  ketones;  they  also  possess 
most  of  the  properties  characteristic  of  these  substances  (204). 
The  hexahydric  alcohols,  however,  have  an  exclusively  alcoholic 
character,  and  do  not  exhibit  any  of  the  reactions  peculiar  to  the 
aldehydes  and  ketones.  It  follows  that  the  hexahydric  alcohols, 
and  hence  the  hexoses,  cannot  contain  two  hydroxyl-groups  linked 
to  a  single  carbon  atom. 

The  possibility  of  three  hydroxyl-groups  being  in  union  with 
one  carbon  atom  is  also  excluded,  since,  when  the  production  of 
a  compound  with  such  a  grouping  might  be  expected,  water  ia 
always  split  off,  with  formation  of  an  acid  (86) : 

0H| 

— CO|H 

jOH 

The  monoses  have  none  of  the  properties  which  distinguish  acids: 
when  in  aqueous  solution,  they  do  not  conduct  the  electric  current; 
whereas  the  dissociation  constant  for  an  acid  containing  so  many 
OH-groups  should  be  considerably  higher  than  for  »  saturated 
fatty  acid,  such  as  acetic  acid  (183). 

With  calciam  and  strontium  hydroxides,  and  other  bases,  the  car- 
bohydrates form  compounds  called  9a4xharaie8^  which  are,  therefore, 
to  be  looked  upon  as  alcoholates.  They  are  decomposed  by  carbonie 
acid. 
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From  what  has  been  said,  it  will  be  seen  that  the  constitution 
of  the  aldohezoses  cannot  be  other  than  that  given  above,  and, 
since  the  same  method  of  proof  is  applicable  to  each  member,  they 
must  all  have  the  same  constitutional  formula,  and  are  therefore 
stereoisomers.  This  is  due  to  the  presence  in  the  molecule  of 
asymmetric  carbon  atoms;  an  aldohexose  has  four  such  atoms, 
indicated  by  asterisks  in  the  formula 

CH,OH .  ÓHOH .  CHOH  •  bflOH  •  ÓHOH .  C^. 

Methods  of  Formation  of  the  ('onoses. 

810.  1.  Prom  the  polyoses,  by  hydrolysis;  that  is,  decomposi- 
tion with  addition  of  water  (206). 

2.  Prom  the  corresponding  alcohols,  by  the  action  of  oxidiz- 
ing-agents,  such  as  nitric  acid.  In  this  way  arabitol,  CjU^Oj, 
yields  arabinose,  CgHi^Oj;  xylitol  yields  xylose;  mannitol  yields 
mannose,  etc. 

When  glycerol  is  carefully  oxidized  with  nitric  acid,  or  with  bro- 
mine and  caustic  soda,  a  syrupy  liquid  is  obtained,  which  shows  the 
four  reactions  given  on  p.  255  for  the  monoses  ;  it  is  called  glycerose. 
Its  osazone,  glyceroscusone^ 

CH.OH 
/ '      '  C^N-NH-CH, 

.  ^  H 

crystallizes  in  yellow  leaves,  melting  at  181''.  Glycerose  is  dihydroxy^ 
acetone,  CHjOH-CO-CHiOH,  as  is  proved  by  the  cyanhydrin  syn- 
thesis (1S8,  5),  by  means  of  which  trihydroxyisobutyric  acid, 

OH 

I^O-CHiC 


CH,OH— C— CH,OH, 
:00H 


i 


is  obtained.  The  structure  of  this  acid  follows  from  its  reduction  to 
isobutyrio  acid.  In  accordance  with  the  nomenclature  already  indi- 
cated, glycerose  is  a  triose. 

When  lead  glycerate  is  oxidized  with  bromine,  the  product,  besides 
dihydroxyacetone,  contains  glyceraldehyde;  the  presence  of  this  sub- 
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stance  is  proved  by  its  forming  a  crystallized  condensation-prodact 
with  phloroglucinol  (814) : 

CH.O,  +  206H60,  =  CuHj.O.  +  H,0. 

Qljrcer-       Phloro- 
aldehyde      glucinol 

Dihydroxyacetone  does  not  yield  a  similar  oxidation-product. 

Glyceraldehyde  can  be  obtained  in  the  pure  state  by  treating  the 
acetal  of  acrolein  with  a  dilute  solution  of  potassium  permanganate 
(167,  1),  and  removing  the  two  — OOiHe-groupe  of  the  acetal  by 
means  of  dilute  sulphuric  acid  (118,  2). 

When  sorbose-bacteria  are  cultivated  in  a  solution  of  glycerol,  the 
final  product  obtained  by  the  action  of  the  atmospheric  oxygen  is 
dihydroxyacetone.  These  bacteria  can  oxidize  other  monoses  to 
ketoses. 

3.  From  bromo-componnds  of  aldehydes,  by  exchange  of 
bromine  for  hydroxyl,  which  can  be  effected  by  cold  baryta-water. 

In  this  manner  the  simplest  member  of  the  sugars,  glyooUaldehyde 
CHsOH-C^,  is  obtained  from  monobromoaldehjde,  OHiBr-OQ;  it 
shows  all  the  reactions  of  the  monoses. 

•a 

The  addition  of  bromine  to  acrolein  (147)  yields  CHiBr-OHBr-C^, 
which  is  converted  by  the  action  of  baryta- water  into  glyceraldehyde. 

4.  From  formaldehyde,  by  the  action  of  lime-water  (aldol 
condensation).  The  crude  condensation-prodact,  called  formose, 
is  a  sweet,  syrupy  substance;  it  consists  of  a  mixture  of  componnds 
of  the  formula  C^Hj^O,.  In  this  reaction,  six  molecules  of  form- 
aldehyde undergo  the  aldol  condensation  (116): 

-H 


H,CO  +  HCO  +  HCO  +  HCO  +  HCO  +  HCO  = 
=  H,COH  •  Cq jj  •  Cq2  •  Cqh  •  ^OH '  S  • 

By  the  aid  of  sunlight  and  moisture,  plants  are  able  to  conyeri 
the  carbon  dioxide  of  the  atmosphere  into  starch,  a  polyose  of  the 


METHODS  OF  FORMATION  OF  THE  MONOSES.  261 

formula  (CcHioO»),.    The  reaction  may  be  represented  empirically, 
thna: 

6C0a  +  5H,0  =  O.Hx,05  +  60,. 

Basteb  has  suggested  that  the  GO9  is  first  reduced  to  formaldehyde, 
OHaO,  which  condenses  to  a  monose,  the  latter  being  then  converted 
into  the  polyose,  starch. 

Berthelot  has  obtained  substances  of  the  nature  of  carbohydrates 
by  the  action  of  a  silent  electric  discharge  on  a  mixture  of  carbon 
dioxide,  carbon  monoxide,  and  hydrogen. 

A  hexose  can  also  be  obtained  from  glyceraldehyde,  two 
molecules  of  which  yield,  by  the  aldol  condensation,  one  molecule 
of  the  hexose.  This  hexose  is  called  acrose,  on  account  of  its  rela- 
tion to  acrolein,  from  which  glyceraldehyde  can  be  obtained  by 
method  3.  Acrose  is  a  constituent  of  formose,  and,  like  all 
compounds  prepared  by  purely  chemical  synthesis,  is  optically 
inactive. 

5.  A  very  important  general  method  for  the  conversion  of  an 
aldose  into  another  containing  one  more  carbon  atom  in  the  mole- 
cule is  the  formation  of  an  addition-product  with  hydrocyanic  acid. 
An  aldohexose  yields  a  cyanhydrin  which  is  converted  on  hydro- 
lysis into  a  monobasic  acid  containing  seven  C-atoms, 

CH,OH  •  CHOH  •  CHOH  •  ^HOH  •  CHOH  •  CHOH  •  OOOH. 
12  3  4  5  6  7 

The   ;^-hydroxyl-group    easily  reacts  with    the    carboxyl-group, 
forming  a  lactone, 

CH,OH  •  CHOH  •  CHOH  •  CH  •  CHOH  •  CHOH  •  CO. 

I l> 

In  aqueous  solution,  these  lactones  can  he  reduced  by  sodium  amal' 
gam  to  the  corresponditig  aldehydes,  the  aldoses. 

The  great  importance  of  this  synthesis  consists  in  the  theoret- 
ical possibility  of  obtaining  from  the  lower  members,  step  by  step, 
aldoses  with  any  desired  number  of  C-atoms  in  the  molecule,  by 
repeated  application  of  the  cyanhydrin  synthesis,  and  reduction 
of  the  lactone  thus  obtained.  In  this  manner,  it  has  been  possible 
to  prepare  nonoses,  with  nine  C-atoms,  by  conversion  of  an  aldo- 
hexose into  a  heptonic  acid,  whose  lactone  can  then  be  reduced  to 
a  heptose.  This  compound  can  be  converted  into  an  octose,  and 
the  latter  into  a  nonose,  by  the  same  process. 


202  ORGANIC  CHEMISTRY. 

I.    M0H0SE8. 

Pentoset. 
211.  A  reference  has  already  been  made  to  the  bioses  and 
trioses  (207).  Tetroses  can  be  obtained  by  the  oxidation  of  pent- 
onic  acid,  in  the  form  of  its  calcium  salt,  by  means  of  hydrogen 
peroxide,  a  small  quantity  of  ferric  acetate  being  used  as  a 
catalytic  agent: 

CH,OHCHOH-CHOH-CHOHCOOH  +  O  - 

PentoDic  acid 

«  CH,OH-CHOHCHOHC^  +  CO^  +  H,0. 

Tetroee  ^ 

Also  pentoses  can  be  obtained  from  hexoses  by  this  method. 

A  number  of  different  pentoses  have  been  identified;  of  these, 
arabinose  and  xylose,  both  of  which  are  present  in  many  plants  as 
polyoses,  called  pentosans,  may  be  considered. 

Arabinose  can  be  prepared  by  boiling  gum-arabic  or  cherry- 
gum  with  dilute  acids.  Xylose,  or  wood-sugar,  can  be  got  in  the 
same  way  from  bran,  wood,  straw,  and  other  substances,  especially 
the  shells  of  apricot-stones.  Arabinose  and  xylose  can  be  prepared 
from  any  plant-cells  which  have  been  converted  into  wood,  and 
which  possess  the  reactions  of  lignin  (230).  The  racemic  modi- 
fication of  arabinose  is  present  in  the  urine  of  patients  suffering 
from  the  disease  known  as  pentosuria, 

Arabinose  forms  well-defined  crystals,  melts  at  160**,  and  has 
a  sweet  taste.  Its  osazone  melts  at  157®.  Xylose  also  crystallizes 
well,  and  yields  an  osazone  which  melts  at  160**. 

Arabinose  and  xylose  are  aldoses,  and  have  the  same  formula, 

CH^OH  •  CHOH  •  CHOH  •  CHOH  •  C  q. 

This  constitution  is  proved  by  their  conversion,  on  gentle  oxidar 
tion  T^ith  bromine-water,  into  arabonic  acid  and  xyUmic  add  respect- 
ively, both  of  which  have  the  formula  CH20H.(CHOH)8.COOH, 
and  are  therefore  stereoisomei-s.  On  stronger  oxidation,  both  arabin- 
ose and  xylose  yield  trihydroxyglutaric  acid,  COOH  •  (CHOH),  •  COOH, 
the  constitution  of  which  follows  from  its  reduction  to  glutaric 
acid.  The  acid  obtained  from  arabinose  is  optically  active,  and 
that  from  xylose  is  inactive,  so  that  they,  t^o,  are  stereoisomers. 
On  reduction,  these  two  pentoses  yield  respectively  arahiiol  and 
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xyliiol,  which  are  stereoisomeric  pentahydric  alcohols.  Arabinose 
and  xylose  can  be  converted  into  hexoses  by  the  cyanhydrin 
synthesis,  a  proof  that  neither  contains  a  C-atom  in  union  with 
more  than  one  OH-group  (209)  : 

CH,0H(GH0HVC5  ->    CHjOH.(CHOHVC<95 -> 

Pentose  ^  vJ>l 

->  CH,OH .  (CHOH), .  CHOH  •  COOH. 

Hexonio  acid 

This  hexonic  acid  yields  a  lactone  which,  on  reduction,  gives  the 
hexose.  Arabinose  and  xylose  contain  three  asymmetric  C-atoms, 
and  are  optically  active.  Their  aqueous  solutions,  in  common 
with  those  of  several  other  optically  active  substances,  exhibit  a 
phenomenon  called  mvltv-roiaiion,  fresh  solutions  rotating  the 
plane  of  polarization  much  more  than  those  which  have  stood  for 
some  time.  For  xylose,  five  minutes  after  it  has  been  dissolved, 
the  value  of  [a]  is  75°-80®;  this  gradually  diminishes  to  19°, 
after  which  it  remains  constant. 

This  phenomenon  is  probably  due  to  the  conversion  of  the  sub- 
stance into  another  modification,  analogous  to  that  of  lactones  into 
acids.    Thus,  a  fresh  solution  of  xylose  would  contain 

CH.OHOHOH-OHOH.CHOoH 

Y 

while  later  CH,OH  •  (OHOH)a  •  CHOH  •  Oq  is  formed.    This  view  is  sup- 

ported  by  the  fact  that  the  rotatory  power  of  a  lactone  is  diminished 
by  opening  its  ring;  an  example  of  this  is  furnished  by  galactonic 
acid,  only  that  in  it  the  change  of  rotatory  power  takes  place  more 
quickly  than  among  sugars. 

The  probability  of  the  correctness  of  this  interpretation  is  strength- 
ened by  the  fact  that  the  change  of  rotatory  power  has  the  character 
of  a  nnimolecular  reaction. 

The  pentoses  have  one  property  in  common,  by  which  they  may 
be  recognized  and  distinguished  from  hexoses.  When  boiled  with 
dilute  sulphiuic  acid,  or  hydrochloric  acid  of  sp.  gr.  1  •  06,  the  pent- 
oses and  their  polyoses  form  a  volatile  compound,  furfuraldehyde, 
CjHPj  (391),  which,  on  treatment  with  aniline  and  hydrochloric 
add,  yields  an  intense  red  dye. 
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The  presence  of  the  polyose  of  xylose  may  be  detected  in  socfa  a 
substance  as  straw,  by  distillation  with  hydrochloric  acid  of  sp.  gr.  1-06 
With  aniline  and  hydrochloric  acid,  the  distillate  gives  an  intense  red 
colouration,  and  with  phenylhydrazine  yields  a  phenylhydrazone  very 
sparingly  soluble  in  water.  Both  these  reactions  indicate  the  preBence 
.of  furfuraldehyde. 

Hezoses. 

212.  The  hexoaes  are  colourless  compounds  of  sweet  taste, 
which  crystallize  with  difficulty,  and  cannot  be  distilled  without 
decomposition.  They  dissolve  readily  in  water,  with  difficulty  in 
absolute  alcohol,  and  are  insoluble  in  ether.  Since  all  the  aldo- 
hexoses  are  stereoisomers  (209),  their  oxidation-products,  the 
monobasic  and  dibasic  acids,  are  also  stereoisomers. 

1.  Glucose,  or  grape-sugar,  is  present  in  many  plants,  notably  in 
the  juice  of  grapes,  and  in  other  sweet  fniit-s;  it  is  foimd  in  the 
urine  of  diabetic  patients,  and  in  small  quantities  in  normal  urine. 
It  can  be  obtained  from  many  polyoses;  cane-sugar  is  converted 
by  hydrolysis — inversion,  (217) — ^into  a  mixture  of  glucose  and 
fmctose,  called  tnveri^sugar.  By  the  same  treatment,  starch 
jdelds  glucose,  which  is  technically  prepared  from  it  by  boiling 
with  dilute  acids. 

Glucose  crystallizes  from  wat^^r,  or  alcohol,  with  some  diffi- 
culty; the  crystals  obtained  from  methyl  alcohol  contain  no  water 
of  crj'^stallization,  and  melt  at  146®.  It  has  been  already  mei>- 
tioned  (47)  that  glucose  can  be  readily  fermented,  producing  chiefly 
alcohol  and  carbon  dioxide.  It  is  dextro-rotatory,  and  exhibits 
multi-rotation;  a  laevo-rotatory  and  an  optically  inactive  modifi- 
cation have  been  artificially  prepared.  The  dextro-rotatory,  Isevo- 
rotatory,  and  optically  inactive  isomers  are  respectively  distin- 
guished by  the  prefixes  d  (dexter),  I  (Icevvs),  and  i  (inactive);  thus, 
d-glucose,  i-glucose,  i-glucose. 

By  convention,  all  other  monoses  derived  from  a  d*,  ^,  or  i- 
hexose  are  also  distinguished  by  the  letters  d,  {,  or  i,  even  when 
they  possess  a  rotatory  power  opposite  in  sign  to  that  indicated  by 
these  letters.  In  this  way,  ordinary  fructose,  which  can  be  obtained 
from  c^-glucose,  and  is  Isevo-rotatory,  is  called  (2-fructose  on  aooount 
of  ito  genetic  relation  to  (2-glucose.  The  same  method  of  clasaificar 
tion  is  adopted  for  the  hexahydric  alcohols,  the  hexonic  acids,  and  in 
general  for  all  derivatives  of  the  hexoses. 
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d-Glucose  is  an  aldose,  as  is  proved  by  its  oxidation  to  a  hex- 
onicacid,  d-gliuxmic  ac2y,CH20H.(CHOHVCOOH;  further  oxida- 
tion produces  the  dibasic  d-saccharic  acid,  COOH  •  (CHOH)^  •  COOH. 
Saccbaric  acid  forms  a  characteristic  acid  potassium  salt  of  slight 
solability,  which  serves  as  a  test  for  d-glacose.    The  substance  sus- 
pected to  contain  glucose  is  oxidized  with  nitric  acid  ;  saccharic  acid 
is  produced  from  this  hexose,  if  present,  and  can  be  precipitated  in 
the  form  of  the  acid  potassium  salt  by  addition  of  a  concentrated 
solution  of  potassium  acetate. 

On  reduction,  d-glucose  yields  a  hexahydric  alcohol,  dsorbitol; 
ft  also  gives  an  osazone,  d-glticosazone,  which  is  soluble  with  diffi- 
culty in  water,  and  crystallizes  in  yellow  needles  which  melt  at 

d-Glucose  is  employed  as  a  substitute  for  cane-sugar,  and 
applied  to  many  other  purposes,  on  account  of  its  sweet  taste, 
which  is  however  less  pronounced  than  that  of  cane-sugar.  With 
a  small  quantity  of  water,  it  yields  a  colourless  syrup,  used  in  the 
preparation  of  liqueurs  and  of  confectionery. 

2.  d'Fructoae  is  present  along  with  d-glucose  in  most  sweet 
fruits.  It  is  a  constituent  of  invert-sugar  (217),  and  of  honey,  which 
is  chiefly  a  natural  invert-sugar.  Imdin  is  a  polyose  contained  in 
dahliar-tubers,  and  when  hydrolyzed,  jrields  only  d-fructose,  just  as 
starch  yields  d-glucose.  d-Fructose  crystallizes  with  difficulty, 
b^ing  readily  soluble  in  water,  although  less  so  than  grape-sugar. 
It  is  laevo-rotatory,  and  can  be  fermented. 

d-Fructose  is  a  type  of  the  ketoses,  few  of  which  are  known. 
Its  formula,  CH,0H.(CH0H)3.C0CH,0H,  is  deducible  from  the 
following  considerations.    First,  when  oxidized  with  mercuric  oxide 
^  presence  of  baryta-water,  it  is   converted  into  glycoUic  acid, 
CHjOH-COOH,  and  trihydroxyglutaric  acid, 
COOH.  (CHOH),.  COOH. 
Since  oxidation  takes  place  in  the  earbonyl-group,  the  production 
of  these  acids  necessitates  the  adoption  of    this    constitutional 
formula.    Second,   application  of  the  cyanhydrin   synthesis  to  a 
compound  of  this  constitution  would  yield  a  heptonic  acid  with 
the  formula 

CHjOH.  (CHtOH),.C(OH)  .CH,OH. 

COOH 
That  the  heptonic  acid  obtained  from  c{-fruetose  has  this  consti- 
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tution,  is  proved  by  heating  it  at  a  high  temperature  with 
hydriodic  acid,  whereby  all  the  hydroxyl-groups  are  replaced  by 
hydrogen,  and  a  heptylic  acid  is  formed.  This  is  found  to  be 
identical  with  the  synthetically-prepared  methyl-ji'^nUyUicetic  acid 
(235,  2),  whose  constitutional  formula  is 

CH3.(CH,),.CH.CH3 
COOH    * 
The  osazone  of  d-fructose  is  identical  with  that  of  d-glucose.   A 
comparison  of  the  formula  of  d-glucose, 

CH20H.(CHOH)3.CHOH.Cq, 

with  that  of  d-fructose,  CH20H.(CHOH)s.CO.CH20H,  shows  that 
the  two  osazones  can  only  be  identical  if  the  a-C-atom  of  thed-glu- 
cose,  and  the  terminal  C-atom  of  the  d-fructose,  unite,  after  for- 
mation of  the  hydrazone,  with  the  second  phenylhydrazine-residue; 
that  is,  when  in  both  cases  this  reaction  takes  place  at  a  C-atom 
directly  linked  to  a  carbonyl-group.  For  this  reason,  it  is  assumed 
that  the  formation  of  an  osazone  always  results  in  the  imion  of 
two  phenylhydrazine-residues  with  neighbouring  C-atoms.  The 
glucosazone,  or  fructosazone,  has  the  constitution 

CH,OH 

(CHOH), 

C=N.NH.CeH5 

C=N.NH-CeH5 

H 

It  is  a  somewhat  remarkable  fact  that  methylphenylhydrazine, 
CgHg-  N(CH,)  •  NHj,  yields  osazones  only  with  ketoses,  and  not  with 
aldoses.  The  latter  form  colourless  hydrazones  vdth  this  com- 
pound, and  these  can  easily  be  separated  from  the  intensely 
yellow  osazones.  Methylphenylhydrazine  therefore  affords  a  valu- 
able means   of  detecting  ketoses. 

When  the  osazones  are  carefully  warmed  with  hydrochloric  acid, 
two  molecules  of  phenylhydrazine  are  split  off,  with  formation  of  com- 
pounds, asones,  containing  two  carbonyl-groups.  In  this  way,  glue- 
osazone  yields  gliicosonej 

OH,OH .  (CHOH). .  CO  •  0^. 
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The  osones  can  be  reduced  by  treatment  with  zino-dust  and  acetic 
acid,  and  experience  has  shown  that  addition  of  hydrogen  always 
takes  place  at  the  terminal  C-atom.  Glucoaone  yields  fructose^ 
OHtOH  •  (OHOH)t  •  CO  •  CHaOH.  This  reaction  affords  a  means  of  con- 
Yerting  aldoses  into  ketoses: 

Aldose  — ►  Osazone  -♦  Osone  — ►  Ketose. 

Inversely,  an  aldose  can  be  obtained  from  a  ketose.  On  reduction, 
the  latter  yields  a  hexahydric  alcohol,  which  is  converted  by  oxidation 
into  a  monobasic  hexonic  acid.  This  substance  splits  off  water,  yield- 
ing the  corresponding  lactone,  which  on  reduction  gives  the  aldose  : 

Ketose  — ♦  Hexahydric  Alcohol  — ♦  Hexonic  Acid  — ♦  Lactone— >  Aldose. 

3.  A-Mannose  is  an  aldose,  and  is  present  as  a  polyose  in  the 
vegetable-ivory  nut;  it  is  also  obtained  by  the  careful  oxidation  of 
the  hexahydric  alcohol  mannitol,  found  in  several  plants.  d-Mannose, 
a  hard,  amorphous,  hygroscopic  substance,  can  be  readily  fermented, 
and  is  very  soluble  in  water.  It  forms  a  characteristic  hydrazone 
which  melts  at  195°-200°,  and,  unlike  the  hydrazones  of  the 
other  monoses,  dissolves  with  difficulty  in  water.  On  oxidation, 
d-mannose  is  first  converted  into  the  monobasic  d-mannonic  acid, 
CH20H.(CH0H),.C00H,  and  then  into  the  dibasic  d-manno- 
saccharic  acid,  COOH.(CHOH),.COOH.  It  yields  d-glucose  by  a 
method  generally  applicable  to  the  conversion  of  aldoses  into  their 
stereoisomers.  For  this  purpose,  it  is  first  converted  into  €?-mann- 
onic  acid;  this  is  heated,  preferably  by  boiling  its  solution  in 
quinoline,  which  converts  it  partly  into  the  stereoisomeric  c?-gluc- 
onic  acid,  whose  lactone  can  be  reduced  to  d-glucose.  Inversely, 
d-gluconic  acid  is  partly  changed  into  d-mannonic  acid,  by  boiling 
its  quinoline  solution,  so  that  d-glucose  can  be  converted  into 
d-mannose. 

Maunonic  acid  is  one  of  the  intermediate  products  in  EMn^ 
Fischer's  synthesis  of  cf-glucose.  He  converted  glyceraldehyde  into 
acrose  (21Ó,  4),  and  this  into  t-mannitol,  by  reduction  with  sodium 
amalgam.  On  oxidation,  t-mannitol  yields  first  i-mannose,  and 
then  t-mannonic  acid,  which  can  be  split  up,  by  means  of  its  strych- 
nine salt,  into  its  optically  active  modifications.  When  the  d-man- 
nouic  acid  thus  obtained  is  heated  with  pyridine,  it  is  converted  into 
d-gluconic  acid,  the  lactone  of  which,  on  reduction  with  sodium  amal- 
gam, yields  d-glucose. 

The  stereoisomerism  of  d-mannose  and  d-glucose,  as  well  as  of 
d-mannonic  acid  and  d-gluconit3  acid,  is  occasioned  onlv  by  different 
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grouping  round  the  a-C-atom,  since  the  osazone  of  (^-mannose  is 
identical  with  that  of  d-glucose.    As  this  has  the  constitution 

a    H 
CHjOH-CHOHCHOHCHOHC— C-NNHCeH,, 

NNHCeH^ 

these  osazones  can  only  be  identical  when  the  residue 

CHjOH .  (CHOH)^ .  CHOH— 

in  d-mannose  and  ti-glucose  is  also  identical;  their  stereoisomerism 
can  then  only  result  from  a  difference  in  the  arrangement  of  the 
groups  linked  to  the  a-C-atoEci. 

So  far  as  the  transformations  of  the  monobasic  hexonic  acids 
when  boiled  with  quinoline  or  pyridine,  have  been  studied,  it  has 
always  been  found  that  an  alteration  takes  place,  as  in  the  above 
instance,  at  only  one  C-atom,  the  one  adjoining  the  aldehyde- 
group,  the  a-C-atom. 

Very  remarkable  is  the  conversion  into  each  other,  discovered  by 
LoBRY  DE  Brüyn,  of  glucose,  fructose,  and  mannose,  under  the  IdAu- 
ence  of  very  dilute  alkalis.  Their  rotatory  power  is  considerably 
reduced  thereby;  each  of  these  hexoses  forms  both  the  others,  and  the 
one  originally  present  is  not  completely  converted.  An  equilibrium 
18  thus  established  which  may  be  represented  by  i  he  scheme 

Glucose  ~^  Fructose  ~*  Man  nose. 
< —  < — 

That  fructose  is  actually  an  intermediate  product  of  this  transforma- 
tion, is  shown  by  the  behaviour  of  the  dextro-rotatory  solution  of 
mannose,  which,  owing  to  the  formation  of  fructose,  first  develops 
Isevo-rotatiou,  this  gradually  decreasing  as  the  dextro-rotatory  glucose 
is  produced. 

4  and  5.  \-Qliusose  and  l-mannose  are  important  on  account  of 
their  method  of  formation.  They  result  simultaneously  from  ^ara- 
binose  by  application  of  the  cyanhydrin  synthesis,  and  reduction  of 
the  lactone  of  the  acid  thus  formed.  It  was  mentioned  (186)  why  the 
application  of  this  synthesis  to  aldehydes  always  leads  to  the  produc- 
tion of  two  stereoisomers ;  an  asymmetric  C-atom  results,  and  one 
optically  active  isomer  is  as  likely  to  be  formed  as  the  other.  In  the 
case  of  /-arabinose,  there  are  asymmetric  C-atoms  already  present  in 
the  molecule,  and  an  additional  one  is  produced  by  this  synthesis;  the 
isomers  display  dissimilar  rotatory  power,  but  this  is  no  longer  equal 
and  opposite  in  sign,  since  the  original  rotation  is  increased  in  one 
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isomer  by  the  new  asymmetric  C-atom  to  the  same  extent  as  it  is 
diminished  in  the  other.  The  rotation  of  the  isomers  is  equal  and  of 
opposite  sign  only  when  the  original  molecule  was  optically  inactive. 

6.  d-Galadoae  can  be  obtained  by  the  hydrolysis  of  lactose,  or 
by  the  oxidation  of  the  hexahydric  alcohol  dvlcüol,  which  occurs  in 
certain  plants,    d-Galactose  is  crystalline,  melting  at  168®;    it  is 
strongly  dextro-rotatory,  is  capable  of  undergoing  fermentation, 
and  exhibits  multi-rotation.    Galactose  is  proved  to  be  an  aldose 
by  its  conversion,  on  oxidation,  into  the  monobasic   d-^dUictonic 
(icid,CJH.^Oj.      Further  oxidation    yields  the   sparingly    soluble 
dibasic  mitcic  ocwi,  C00H.(CH0H)4.C00H,  which  is  optically  in- 
active, and  cannot  be  split  up  into  optically  active  components;  its 
formation  serves  as  a  test  for  d-galactose.     In  practice  this  is  carried 
out  by  oxidizing  the  hexose  under  examination  with  nitric  acid. 

Their  conversion  into  Icswlinic  acid  (238),  on  treatment  with 
tydrochloric  acid,  constitutes  a  general  reaction  for  the  hexoses. 
Brown,  amorphous  masses,  known  as  "humus  substances,"  are  pro- 
duced at  the  same  time.  Laevulinic  acid  can  be  identified  by  means 
0^  its  silver  salt,  which  dissolves  with  difficulty,  and  yields  crystals 
of  characteristic  appearance. 

Heptoses,  Ootoses,  and  Nonoses. 

218.  These  substances  are  not  nalaral  products,  but  can  be  built  up 
fropi  the  hexoses  by  the  cyanhydrin  synthesis;  mannose,  for  example, 
yields  mannofieptose^  manno-octose^  and  mannononose. 

Stereochemistry  of  the  Monoses. 

214.  It  was  stated  (209)  that  all  the  aldohexoses  and  aldopentoses 
have  the  same  structure,  so  that  their  isomerism  must  be  stereoiso- 
merism. Although  it  would  be  beyond  the  scope  of  this  book  to 
deduce  the  configuration  corresponding  to  the  pentoses  and  hexoses 
mentioned  in  it,  it  is  desirable  to  indicate  how  this  is  determined  for 
compounds  of  this  kind;  that  is,  for  those  containing  several  asym- 
metric carbon  atoms  in  the  molecule. 

It  was  mentioned  (191)  that  the  presence  of  two  dissimilar  asym- 
metric C-atoms  in  a  molecule  causes  the  existence  of  a  greater 
number  of  stereoisomers  than  that  of  two  similar  asymmetric  C-atoms. 
It  can  be  readily  seen  from  a  projection- formula  that  the  same  holds 
good  for  a  greater  number  of  asymmetric  C-atoms  in  the  molecule. 
The  projection-form ul©  for  two  aldopentoses. 
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HO- 
HO- 
HO- 


CHjOH 


H 


-H 
-H 
-H 


and 


H- 
H- 
H- 


CHjOH 
-OH 
-OH, 
-OH 


^ 


cannot  be  made  to  coincide  by  rotation  in  the  plane  of  the  paper 
(191);  the  aldopentoses,  therefore,  are  not  identical.  The  correspond- 
ing trihydroxyglutaric  acids 

COOH  COOH 


HO- 
HO- 
HO- 


■H 
-H 
H 

and 

H- 
H- 
H- 

-OH 
-OH 
-OH 


COOH 


COOH 


.are,  howeyer,  identical,  since  their  projection-formulfe  can  be  made 
to  coincide.  In  these  compounds,  the  asymmetric  O-atoms  1  and  8 
are  similar,  while  in  the  pentoses  they  are  dissimilar. 

Assuming  that  the  determination  of  the  configuration  of  tri- 
hydroxyglutaric acid  is  possible,  and  that  in  a  given  instance  it  leads 
to  the  projection-formula  given  above,  it  follows  that  the  pentose 
from  which  it  is  obtained  by  oxidation  must  have  one  of  the  above 
configurations,  and  that  all  others  are  excluded.  It  thus  only  remains 
to  distinguish  between  these  two  configurations. 

In  order  to  determine  the  stereochemical  structure  of  a  pentose,  it  is, 
therefore,  first  necessary  to  determine  that  of  the  corresponding  trihy- 
droxyglutaric acid.  The  optical  behaviour  of  these  acids  affords  a 
ready  means  of  effecting  this.  Xylose,  which  is  optically  active,  is 
converted  by  oxidation  Into  an  optically  inactive  trihydroxyglutaric 
acid  which  melts  at  152*".  Since  an  optically  inactive  substance  is  here 
obtained  from  an  optically  active  one,  not  from  a  racem'ic  compound, 
this  must  be  occasioned  by  intramolecular  compensation,  which  must 
find  expression  in  the  configuration  allotted  to  this  particular  trihy- 
droxyglutaric acid.  Projection-formulas  of  compounds  which  are 
optically  inactive  on  account  of  intramolecular  compensation  must 
fulfil  this  condition :  each  and  its  mirror-image  must  be  capable  of 
being  made  to  coincide  by  rotation  in  the  plane  of  the  paper ;  that 
is,  they  must  be  identical.  For,  if  this  were  not  the  case,  two  enan- 
tiomorphous  configurations — the  formula  and  its  mirror-image — would 
be  possible,  while  for  intramolecular  compensation  only  one  configu- 
ration is  possible. 

The  above  reasoning  may  be  applied  to  the  determination  of  the 
stereochemical  structure  of  arabinose.  Eight  stereoisomeric  formulse 
are  possible  for  a  pentose,  but,  by  arranging  these  in  pairs  of  mirror- 
images,  and  taking  one  of  each  pair,  four  different  types  are  obtaiued  : 
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The  mirror-image  of  I  is  represented  on  p.  270. 

Arabinose  is  conrerted  by  oxidation  into  an  optically  aotive  tri- 
hydroxyglntario  acid.  This  excludes  the  trihydroxyglutaric  acids 
which  could  be  obtained  from  types  I  and  IV,  since  each  of  these 
oonid  be  made  to  coincide  with  its  mirror-image,  and  thus  would  be 
optically  inactive : 
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The  fact  that  by  the  aid  of  the  cyanhydrin  synthesis  arabinose  can 
be  converted  into  a  mixture  of  glucose  and  mannose,  which  on  oxida- 
tion yields  the  optically  active  saccharic  and  mannosaccharic  acids, 
enables  a  choice  between  types  II  and  III  to  be  made.    Since  in  the 

cyanhydrin  synthesis  only  the  group  C^  in  CHOH-C^  is  altered,  the 

configuration  of  the  rest  of  the  C-atoms  remaining  unchanged,  sac 
charic  acid  and  mannosaccharic  acid  must  have  the  stereochemical 
structure 
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if  arabinose  is  represented  by  formula  II.  Neither  of  these  can  be 
made  to  coincide  with  its  mirror-image,  so  that  formula  II  is  assumed 
to  represent  arabinose.  Formula  III  is  excluded,  since  its  assumption 
would  necessitate  that  one  of  the  acids  mentioned  above  should  have 
the  stereochemical  constitution 


COOH 


H- 
HO- 
HO- 

H- 


-OH 
-H 
-H   ' 
-OH 


COOH 

which  is  identical  with  its  mirror-image:  one  of  the  acids  would  then 
be  optically  inactive,  which  is  not  the  case. 

Arabinose  has,  therefore,  a  formula  of  the  type  II,  but  it  is  still 
uncertain  whether  it  should  be  represented  by  the  formula  given 
above,  or  by  its  mirror-image. 

n.     DI08ES. 

216.  Numerous  dioses  (or  hioses)  are  known,  which  are  almost 
exclusively  derived  from  hexoses,.and  therefore  have  the  formula 

C12H22O11  =  2C5H12O8  —  HjO. 

No  dioses  are  known  which  can  be  decomposed  into  a  pentose 
and  a  hexose;  on  hydrolysis,  some  of  the  hexodioses  yield  two  dif- 
ferent monoses,  and  some  only  one. 

The  hydrolysis  can  be  effected  not  only  by  boiling  with  dilute 
acids,  but  also  by  the  action  of  enz>Tnes  (222).  On  account  of  the 
readiness  with  which  decomposition  with  water  takes  place,  it  is 
assumed  that  the  monoses  from  which  a  diose  is  formed  are  not 
linked  together  through  the  carbon  atoms,  but  through  one  or 
more  oxygen  atoms. 

Up  to  the  present,  success  in  the  attempt  to  synthesize  dioses 
from  monoses  has  been  confined  to  the  case  of  maltose;  Croft  Hill 
found  that  maltose  is  produced  by  the  action  of  an  enzyme  called 
maltose  (222)  on  a  concentrated  solution  of  glucose.  As  this 
enzyme  is  also  able  to  split  up  maltose  into  glucose,  it  is  evident 
that  an  equiiibriiun  must  be  reached: 

Ci2H„0„  +  H,0;^2C,H.A. 
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The  best-known  dioses,  such  as  sucrose  or  cane-sugar,  and,2ac^08e 
or  milkHsugar,  have  not  yet  been  prepared  S3mthetically. 

Maltose. 

MaUoae  in  the  crystallized  state  has  the  formula  CiaH^jOn+HjO, 
and  can  be  prepared  from  starch  by  the  action  of  diastase  (47) ; 
it  is  an  important  intermediate  product  in  the  industrial  produc- 
tion of  alcohol. 

Maltose  crystallizes  in  small,  white  needles,  and  is  strongly 
dextro-rotatory.  When  boiled  with  dilute  mineral  acids,  it  yields 
only  d-glucose.  It  exhibits  all  the  characteristics  of  the  monoses  : 
thus,  it  reduces  an  alkaline  copper  solution;  yields  an  osazone, 
maUosazane,  (C„HoOh  -  211,0  -  2H  +  2CeH5NH  •  NH,) ;  and  it  can 
b€  oxidized  to  the  monobasic  maltohionic  acid,  C„H„0„,  which, 
on  hydrolysis,  splits  up  into  c?-glucose  and  c?-gluconic  acid, 
CH,OH.(CHOH),.COOH. 

These  properties  show  that  maltose  contains  only  one  of  the  two 
carbonyl-groups  present  in  two  molecules  of  (f-glucose  ;  thus,  it 
yields  an  osazone  \ijdth  two,  instead  of  four,  molecules  of  phenyl- 
hydrazine,  and  a  monobasic  instead  of  a  dibasic  acid.  The  linking 
of  the  two  molecules  of  d-glucose  must,  therefore,  take  place  in  such 
a  way  that  the  carbonyl-oxygen  of  only  one  molecule  enters  into  the 
reaction.  A  union  of  this  kind  between  two  monose  molecules  is 
called  the  monocarbonyl-bond.  If  this  is  denoted  by  the  sign  < ,  and 
a  free  carbonyl-group  in  a  molecule  by  < ,  then  maltose  can  be  repre- 
sented by 

CeH^A  <  OC^HiA  <. 

Oluoose  Glucose 

Lactose  or  Milk-sugar. 

216.  Lactose  is  present  in  milk,  and  is  prepared  from  it. 

WTiey  is  osnally  employed  for  this  parpose  ;  it  is  the  liqaid  which 
remains  after  the  cream  has  heen  separated  and  the  skimmed  milk 
has  been  used  for  making  cheese.  In  these  processes  the  milk  is 
deprived  of  most  of  its  fats  and  albuminous  substances ;  the  whey 
contains  nearly  all  the  lactose,  and  a  large  proportion  of  the  mineral 
constituents  of  the  milk.  The  lactose  is  obtained  by  evaporation,  and 
purified  by  recrystallization. 

Lactose  crystallizes  in  well-defined,  large,  hard  crystals.  It  has 
not  such  a  sweet  taste  as  sucrose,  and  in  the  mouth  resembles  sand. 
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on  account  of  the  hardness  of  its  crystals,  so  that  it  is  sometimes 
called  sand-sugar. 

On  hydrolysis,  lactose  splits  up  into  c^-galactose  and  d-glucose. 
It  shows  the  reactions  of  the  monoses,  and  can  be  proved,  by  a 
method  analogous  to  ttiat  employed  for  maltose,  to  contain  one 
free  carbonyl-group  in  the  molecule,  so  that  it  is  a  combination  of 
d-glucose  and  d-galactose,  linked  by  a  monocarbonyl-bond.  The 
free  carbonyl-group  belongs  to  the  d-glucose  molecule,  since  lact- 
ose is  converted  by  oxidation  with  bromine-water  into  lactobionk 
add,  which  is  split  up  by  hydrolysis  into  d-galactose  and  d-gluconic 
acid.    Lactose  is,  therefore,  represented  by 

CeHiA  <  O-CeH^A  < 

d-Qalautoee  d-GlucOM 

Sucrose  or  Cane-sugar. 

217.  Sucrose  (saccharose)  is  present  in  many  plants,  and  is  pre- 
pared from  sugar-beet  and  sugar-cane.  It  crystallizes  well,  and  is 
very  readily  soluble  in.  water.  It  melts  at  160°,  and  solidifies  on 
cooling  to  an  amorphous,  glass-like  mass,  which  after  a  considerable 
time  becomes  crystalline.  When  strongly  heated  it  turns  brown, 
being  ox)nverted  into  a  substance  called  caramel.  On  hydrolysis, 
sucrose  yields  d-glucose  and  d-fructose  in  equal  proportions.  This 
mixture  is  called  invert-sugar,  and  is  laevo-rotatory,  since  d-fructose 
rotates  the  plane  of  polarization  more  to  the  left  (212)  than  d-glucose 
does  to  the  right.  Sucrose  itself  is  strongly  dextro-rotatory,  so  that 
the  rotation  has  been  reversed  by  hydrolysis.  This  is  called  inver- 
sum,  a  term  also  applied  to  the  hydrolysis  of  other  dioses  and  of 
polyoses.  Sucrose  does  not  show  the  reactions  characteristic  of 
the  monoses;  thus,  it  does  not  reduce  an  alkaline  copper  solution,  is 
not  turned  brown  by  caustic  potash,  and  does  not  yield  an  osazone. 
Hence,  it  is  evident  that  there  are  no  free  carbonyl-groups  in  its 
molecule;  it  may,  therefore,  be  concluded  that  both  of  these  have 
entered  into  reaction  in  the  union  of  the  two  monoses.  Such  a 
linking  between  two  monoses  is  called  a  dicarbonylrbond,  and  is 
represented  by  the  sign  <0>  ;  so  that  sucrose  is 

CeHnOg  <0>  CeHiiO,. 
d-Qlucose  d-FructoM 

218.  The  discovery  that  alcohols  are  able,  under  the  influence  of 
hydrochloric  acid,  to  unite  with  monoses  with  elimination  of  water, 


SUCROSE  OR  CANE-SUGAR.  275 

affords  an  insight  into  the  nature  of  the  monocarbonyl-bond  and 
the  dicarbonyl-bond.  The  substances  thus  formed  are  called  glucos- 
ideSf  since  they  are  in  many  ways  analogous  to  the  natural  glucos- 
ides,  substances  which  are  split  up  into  a  sugar,  and  one  or  more 
compounds  of  various  kinds,  on  boiling  with  dilute  acids.  The  arti- 
ficial glucosides  are  obtained  by  the  action  of  one  molecule  of  an 
alcohol  upon  a  monose: 

C.HuO«  +  CH,OH  =  CA^OeCH,  +  H,0. 

Hethyl  glucoside 

These  compounds  were  discovered  by  Emil  Fischer,  who  has 
assigned  to  them  a  constitution  analogous  in  some  respects  to  that 
oftheacetals  (113,2): 


H 
RC 


"  H 


OCH,  _,  -D  n  ^  OCH. 
OCH,  ~*  "-'^  <OCH, 


Aldehyde  +     Alcohol  Acetal 

In  the  formation  of  glucoside,  only  one  molecule  of  alcohol  acts 
upon  the  aldose,  so  that  one  of  the  hydroxyl-groups  of  the  latter 
plays  the  part  of  a  second  alcohol  molecule : 

CH2OH  CHjOH 
CHOH  CHOH 
yCHO 


yCHOjH 
/ÏCHOHI 
oCHOH 

C,'0        +  H 
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=  /?CHOH 
aCHOH 


OCH3     C— OCH3 
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The  grounds  for  the  assumption  of  this  constitution  are:  first, 
these  glucosides  are  readily  split  up  into  their  components,  which 
argues  against  the  existence  of  a  carbon  bond  between  them ;  second, 
the  hydroxyl  of  the  >^-C-atom  is  assumed  to  be  the  one  which  reacts, 
since  other  compounds  containing  the  group  — CHOH  CO —  do  not 
yield  glucosides;  the  a-hydroxyl-group,  therefore,  does  not  react. 
The  ^'-hydroxyl  is,  moreover,  the  most  likely  to  enter  into  reaction, 
since  a  number  of  instances  of  similar  behaviour  are  known,  such 
as  that  of  the  lactones. 

The  combination  of  two  monoses  with  elimination  of  one  mole- 
cule of  water  may  be  represented  in  a  way  analogous  to  the  forma- 
tion of  a  glucoside  from  an  alcohol  and  a  monose.    Maltose  and 


276 


ORGANIC  CHEMISTRY. 


lactofiC;  which  are  united  by  a  monocarbonyl-bond;  and  contain 
one  free  carbonyl-group,  are  combined  thus: 

CH,OH  CHjOH 


CHOH 

yCHO|H 
;9CH0H 
aüHOH 
C|0 

+H 
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(CHOH), 

I 
OCH, 


CHOH 
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CHOH 
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pH 
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The  constitution  of  sucrose,  in  which  fructose  and  glucose  are 
united  by  a  dicarbonyl-bond,  may  be  shown  in  an  analogous  way 
to  be 


CH3OH 

><;ho— 

^OH 
aCHOH 


/V 

O^  CHjOH 


CH,OH 
CHOH 
CHO— 
CHOH 
CHOH 
C— 
H 

Sucrose  forms  compounds  with  bases,  called  saccharates ; 
among  them  are  Ci2H220ii-CaO-2H20,  and  Ci2H2,On-2CaO,  which 
are  readily  soluble  in  water.  When  this  solution  is  boiled,  the 
nearly  insoluble  tricalcium  saccharate  CjaHaOu'SCaO'SHjO.  is 
precipitated. 

Mannfijctnre  of  Canennigar. 

219.  Sucrose  is  present  in  solution  in  the  cell-fluid  of  the 
sugar-beet  and  sugar-cane.  The  cell-walls  are  Uned  with  a  thin, 
continuous  layer  of  protoplasm,  constituting  a  semi-permeable 
membrane  (13),  which  prevents  the  diffusion  of  the  sugar  from  the 
cells  at  ordinary  temperatures.  When  placed  in  water  at  80^-90°, 
the  protoplasm  is  killed,  coagulates,  and  develops  minute  rup- 
tures, through  which  the  cell-fluid  can  diffuse.  The  process  i»s 
facilitated  by  cutting  up  the  cane  or  beet  into  pieces  2  to  3  nmi.  in 
thickness.  In  order  to  make  the  diffusion-process  as  complete  as 
possible  with  a  minimum  amount  of  water,  the  slices  are  placed  in 
vats  through  which  water  circulates  in  such  a  way  that  the  nearly 
exhausted  material  is  acted  on  by  fresh  water,  while  that  which  is 
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only  partly  exhausted  comes  into  contact  with  the  solution  already 
obtained,  so  that  the  material  richest  in  sugar  is  treated  with  the . 
strongest  extract,  and  vice  versa  (principle  of  the  counter-ciurent). 
In  this  way,  a  12-15  per  cent,  sugar-solution  is  obtained,  which  is 
about  the  proportion  of  sugar  contained  in  the  beet  itself. 

Slaked  lime  is  added  to  this  solution,  whereby  a  double  object 
is  attained.  First,  the  free  acids  in  the  sap,  such  as  oxalic  and 
citric  acids,  are  precipitated,  along  with  the  phosphates;  the  removal 
of  these  is  necessary,  since  they  would  cause  inversion  on  concen- 
trating the  solution.  Second,  albuminous  and  colouring  matters 
are  precipitated  from  the  solution.  For  both  these  purposes,  it 
is  necessary  to  add  an  excess  of  lime,  part  of  which  goes  into  solution 
as  saccharate,  which  has  to  be  decomposed  by  a  current  of  carbon 
dioxide,  care  being  taken  to  leave  the  liquid  faintly  alkaline.  The 
precipitate  is  separated  by  a  filter-press,  and  the  filtrate  concen- 
trated. In  order  to  obtain  the  maximum  yield  of  sugar,  it  is  neces-. 
sary  that  this  concentration  should  take  place  at  a  low  temperature. 
This  is  attained  by  the  use  of  vacuum-pans,  in  which  the  sugar- 
solution  boils  under  diminished  pressure.  The  first  product  of  the 
concentration  is  a  thick  syrup,  more  strongly  alkaline  than  the 
ori^nal  solution.  Calcium  carbonate  is  precipitated  by  repeated 
treatment  with  carbon  dioxide  until  the  thick  syrup  is  almost  neutral, 
after  which  it  is  filtered,  and  concentrated  until  crystals  of  sugar 
begin  to  separate.  The  solution  is  then  allowed  to  cool,  when 
more  crystals  are  obtained,  mixed  with  a  sjrrupy  liquid,  which  is 
removed  in  a  centrifugal  machine.  This  syrup  is  further  crys- 
tallized by  slow  agitation  with  a  stirring-apparatus,  and  the  crystals 
are  again  separated  by  means  of  the  centrifugal  machine.  The 
syrup  thus  obtained  (molasses)  is  worked  up  for  the  preparation  of 
alcohol. 

The  cane-sugar  thus  prepared  is  not  pure;  it  is  brown,  and  con- 
tains a  certain  amount  of  syrup.  The  crude  product  is  purified  by 
dissolving  it,  decolourizing  with  animal  charcoal,  and  concen- 
trating in  vacuum-pans. 

ttnantitative  Estimation  of  Cane-sngar. 

220.  The  great  practical  importance  of  cane-sugar  nlakes  it 
desirable  to  have  a  quick  and  accurate  method  of  estimating  it 
quantitatively.    This  is  almost  exclusively  done  by  examining  its 
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aqueous  solution  with  the  polarimeter  (27,  2).  Since  sucrose  is 
strongly  dextro-rotatory  ([a]x>  =  +  66«5®),  a  small  quantity  pro- 
duces an  appreciable  amount  of  rotat^ion.  This  is  almost  inde- 
pendent of  the  temperature,  and  for  practical  purposes  may  be 
considered  as  strictly  proportional  to  the  concentration.  It  is 
obvious  that  this  method  will  only  yield  accurate  results  when 
no  other  optically  active  substances  are  present  in  the  solution. 
K  such  substances  are  present,  either  they  must  be  removed, 
or  their  effect  taken  into  account.  The  former  method  is  adopted 
in  the  determination  of  the  amoimt  of  sugar  in  beet.  The  sample 
is  grated  with  a  fine  rasp,  to  destroy  the  cell  walls,  and  a  weighed 
quantity  of  the  product  is  made  up  to  a  certain  volume  with  cold 
water,  which  dissolves  not  only  the  sucrose,  but  also  optically 
active  albuminous  substances.  The  latter  are  precipitated  with 
lead  acetate,  filtered  off,  and  the  amount  of  rotation  observed. 

When  another  sugar  is  present  in  the  solution  along  with  the 
sucrose,  it  is  necessary  to  proceed  by  the  second  method.  Sup- 
posing glucose  is  also  present,  the  rotatory  power  of  the  solution, 
which  will  be  dextro-rotatory,  is  determined.  If  it  be  now  inverted, 
the  solution  will  either  diminish  in  dextro-rotation,  or  will  become 
laevo-rotatory,  since  invert-sugar  is  laevo-rotatory.  The  rotatory 
power  of  an  invert-sugar  solution  obtained  from  a  sucrose  solution 
of  given  strength  being  known,  these  two  observations  furnish  the 
data  by  which  the  percentage  of  glucose  in  cane-sugar  can  be 
easily  calculated. 

Velocity  of  Inversion  of  Sucrose. 

221.  The  equation  for  unimolecular  reactions  (101)  may  be 
applied  to  the  inversion  of  a  dilute  solution  of  sucrose.  If  the 
original  amount  of  the  latter  present  was  p,  and  after  a  certain 
time  the  quantity  x  has  been  inverted,  then  the  velocity  s  in  the 
fraction  of  time  immediately  following,  can  be  expressed  by  the 
equation 

in  which  fc  is  a  constant.  The  inversion  can  be  effected  by  means 
of  different  acids,  upon  the  nature  of  which  the  velocity  of  the  reac- 
tion is  dependent,  so  that  different  values  are  obtained  for  tlie  veloc- 
ity constant  A;.    When  the  values  of  this  constant,  and  of  the  elec- 
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trolytic  dissociation  constant  for  these  acids  are  compared,  they 
ore  found  to  be  proportional  to  one  another.  An  acid  which  is  ionized 
strongly  effects  inversion  much  more  rapidly  than  one  which  is 
only  slightly  ionized,  from  which  it  follows  that  only  the  ionized 
part  of  the  acid  exercises  an  inverting  influence.  Since  only  the 
hydrogen  ion  is  common  to  all  acids,  it  must  be  concluded  that 
inversion  is  the  resvlt  of  the  catalytic  action  of  the  hydrogen  ions.  In- 
versely, the  concentration  of  the  hydrogen  ion  in  the  solutions  óf 
acid  salts,  for  example,  may  be  determined  by  measuring  the 
velocity  of  inversion. 

It  must  be  kept  in  mind  that  inversion,  taking  place  by  a  cata- 
lytic action,  must  occur  also  without  the  presence  of  the  catalytic 
agent  ("Inorganic  Chemistry,"  26).  But  it  is  then  so  slow  that  it 
may  be  wholly  neglected  in  the  views  developed  in  this  paragraph. 

Fermentation  and  the  Action  of  Enzymes. 

222.  The  alcoholic  fermentation  of  liquids  is  one  of  the  oldest 
known  reactions.  During  the  nineteenth  century,  a  number  of 
other  reactions  were  identified  as  fermentation-processes,  such  as 
the  lactic  and  butyric  fermentation  of  sugar,  putrefactive  fermen- 
tation, and  others.  Fermentatioii-processes  include  a  number  of 
reactions  which  take  place  slowly,  and  at  ordinary  temperatures  ; 
these  are  usually  attended  by  the  evolution  of  a  gas  and  of  heat, 
and  depend  upon  the  action  of  micro-organisms,  such  as  yeast- 
cells,  bacteria,  and  schizomycetes. 

The  part  played  by  these  micro-organisms  in  fermentation-pro- 
cesses has  been  the  subject  of  much  diversity  of  opinion.  Liebig 
thought  that  yeast  contained  certain  easily  decomposed  ferments, 
and  that  it  was  their  decomposition  which,  as  it  were,  induced  the 
fermentation  of  the  substance.  It  was  shown  later  that  yeast 
consists  of  living  organisms;  and  Pasteur,  after  a  series  of  brilliant 
researches,  became  convinced  that  fermentation  can  only  be  brought 
about  by  living  yeast-cells,  and  that  the  process  of  feAnentation 
is,  therefore,  a  physiological  phenomenon;  that  is,  a  complicated 
biological  function  of  these  cello.  Thus,  there  could  be  no  fermen- 
tation without  living  yeast-cells,  a  theory  which  was  universally 
accepted,  Liebtg's  supposition  that  the  part  played  by  the  cells 
is  only  a  secondary  one  being  abandoned. 

In  accordance  with  Pasteur's  theory,  the  process  of  fermenta- 
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tion  is  inseparable  from  the  presence  and  propagation  of  yeast- 
cells.  If  it  were  found  possible  to  bring  about  fermentation  without 
their  presence,  this  theory  would  fall  to  the  ground.  Eduard 
BuoHNER  has  recently  effected  this.  He  triturated  fresh  yeast  with 
sand,  whereby  the  cell-walls  were  destroyed.  The  dough-like  mass 
was  submitted  to  great  pressure,  which  expressed  a  liquid  (German; 
Presssaft);  this  was  separated  by  filtration  from  the  ceUs  still  float- 
ing in  it.  BucHNER  proved  in  various  ways  that  this  "press-fluid" 
contains  neither  living  cells  nor  living  protoplasm :  for  instance,  the 
yeast  may  be  first  killed  by  bringing  it  into  a  mixture  of  alcohol 
and  ether;  the  press-fluid  from  this  can  nevertheless  set  up 
active  fermentation  in  a  solution  of  sugar  quite  as  well  as  when  it 
was  obtained  from  living  yeast.  The  fermentation  is  caused  by  a 
dissolved  substance,  which,  on  account  of  its  properties,  such  as 
coagulation  on  warming,  must  be  classed  with  albuminous  bodies; 
it  is  a  kind  of  enzjnne,  to  which  Buchner  has  given  the  name 
zymase.   The  yeast-cells  only  have  the  function  of  producing  zymase. 

The  chemical  structure  of  the  enzymes  is  still  wholly  unkno^^Ti. 
Most  of  them  have  not  been  obtained  in  the  pure  state.  Their 
power  of  splitting  up  and  decomposing  compounds  is  also  not  under- 
stood. Hitherto,  only  small  insight  has  been  obtained  into  the  con- 
ditions upon  which  their  action  depends. 

First,  the  enzymes  only  act  at  the  ordinary,  or  at  a  slightly 
elevated,  temperature;  below  the  freezing-point  their  activity  is 
suspended,  but  returns  at  the  ordinary  temperature;  on  heating, 
they  are  decomposed.  Second,  they  are  sometimes  rendered  inac- 
tive ("  poisoned  ")  by  the  presence  of  small  quantities  of  certain 
substances,  such  as  hydrocyanic  acid.  Third,  it  is  very  remark- 
able that  a  given  enzyme  can  only  produce  changes  in  a  few  sub- 
stances, and  has  no  action  on  other  similar  compoimds.  Thus,  of 
the  dififerent  monoses  containing  two  to  nine  C-atoms,  only  the 
trioses,  hexoses,  and  nonoses  undergo  the  alcoholic  fermentation; 
in  fact,  these  are  the  only  ones  which,  according  to  their  formula, 
can  be  readily  converted  into  CO,  and  CjHgOH;  for  instance 

C3H.O,  =  C,H,OH  +  CO,. 

Only  the  monoses  are  capable  of  being  fermentea  oy  enzymes; 
dioses  must  first  be  converted  into  monoses.  Yeast  contains  an 
enzyme,  inverlase,  which  first  splits  up  sucrose  into  fructose  and 
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^ucose.  This  is  proved  by  the  fact  that  certain  varieties  of  yeast, 
which  do  not  contain  invertase,  are  incapable  of  fermenting 
sucrose;  thus,  Beyebinck  discovered  Sdiizosaccharomyces  odos^ 
foniB,  which  can  ferment  maltose,  but  not  sucrose.  This  variety 
of  yeast  contains  no  invertase,  but  maltase,  which  is  the  enzyme 
by  which  maltose  is  hydrolyzed. 

The  property  of  being  split  up  by  enzymes,  possessed  by  the 
monoses,  has  been  proved  by  Emil  Fischer  to  be  intimately  con- 
nected with  their  stereochemical  configuration.  The  three  naturally 
occurring  sugars,  d-glucose,  (i-mannose,  and  d-fructose,  are  capable  of 
undergoing  fermentation,  and  there  is  a  great  similarity  in  their 
configurations,  since  they  differ  only  in  the  grouping  round  two 
C-atoms: 
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d-Galactose,  which  is  also  a  natural  product,  has  a  somew^hat  dif- 
ferent configuration,  and  is  either  more  slowly  fermented  by  certain 
varieties  of  yeast,  or  not  at  all.  The  mirror-images  of  these  com- 
pounds, Z-glucose,  etc.,  are  not  capable  of  undergoing  fermentation. 

The  cause  of  these  phenomena  is  probably  the  asymmetric  struc- 
ture of  the  enzyme  molecule.  Although  these  substances  have  not 
been  obtained  in  the  pure  state,  their  great  resemblance  to  the  albu- 
mins, and  the  probability  of  their  formation  from  them,  render 
their  optical  activity  undoubted;  that  is,  they  are  to  be  looked  upon 
as  built  up  of  asymmetric  molecules.  This  has  led  to  the  hypothesis 
that  there  must  be  a  resemblance  in  molecular  configuration  between 
the  enzymes  and  the  substances  which  they  decompose;  and  that 
when  this  resemblance  is  wanting,  no  reaction  can  take  place.  Emil 
Fischer  appropriately  compares  this  resemblance  in  structure  to 
that  necessary  between  a  lock  and  a  key,  in  order  that  the  latter 
may  pass  the  lock. 

The  application  of  these  views  to  the  chemical  processes  which 
go  on  in  the  more  highly  developed  organisms,  leads  to  the  concep- 
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tion  that  generally  in  reactions  in  which  proteïd  bodies  act,  as  is  un- 
doubtedly the  case  in  the  protoplasm,  the  configuration  of  the 
molecule  has  the  same  importance  as  its  structure.  Various  phe- 
nomena may  be  thus  explained :  the  sweet  taste  possessed  by  one  of 
the  optically  active  asparagines,  and  the  absence  of  taste  in  the 
other;  the  different  amoimt  to  which  the  three  stereoisomeric 
tartaric  acids  are  oxidized  in  the  body  of  a  dog  fed  with  them;  the 
fact  that,  on  subcutaneous  injection  of  a  rabbit  with  U  or  d-arabi- 
nose,  of  the  first  only  7  per  cent.,  of  the  latter  36  per  cent.,  is 
excreted  from  the  body  imchanged  in  the  urine;  and  so  on. 

228.  Investigation  of  the  stereoisomerism  of  the  monoses  has 
contributed  towards  explaining  why  optically  active  bodies  are 
formed  in  plants,  whilst  laboratory  syntheses  usually  produce  the 
racemic  forms.  It  has  been  shown  that  this  is  not  the  case  in 
artificial  syntheses  effected  with  compounds  already  having  an 
asymmetric  structure.  Mannose,  for  example,  yields  mannohept- 
onic  acid  by  the  cyanhydrin  synthesis,  and  it  would  be  expected, 
from  analogy  with  other  cyanhydrin  syntheses,  that  equal  quanti- 
ties of  two  stereoisomeric  mannoheptonic  acids  would  be  formed. 
This  is,  however,  not  so;  only  one  acid  is  obtained.  This  shows 
that  the  building  up  of  a  molecule  from  one  which  is  asynmietric 
can  continue  in  an  asymmetric  sense.  Suppose  that  mannose  is 
converted  into  mannononose  by  three  repetitions  of  the  cyanhydrin 
synthesis,  this  always  going  on  in  only  one  direction.  This  nonose 
might  be  capable  of  being  split  up  into  the  original  hexose  and  a  pro- 
duct containing  three  carbon  atoms;  the  latter  should  then  be 
optically  active,  and  one  optically  active  molecule  would  have  oc- 
casioned the  formation  of  another. 

The  formation  of  sugar  in  the  plant  has  been  proved  by  vege- 
table physiologists  to  take  place  in  the  chlorophyll-grains,  which  are 
composed  of  optically  active  substances.  It  may  be  assumed  that 
the  production  of  sugar  results  from  a  combination  of  carbon  dioxide 
or  formaldehyde  with  these  substances,  whose  asynunetry  has  the 
effect  of  making  the  sugar  formed  by  condensation  also  asymmetric. 
As  the.  other  substances  which  occur  in  plants  are  probably  formed 
from  sugar,  their  optical  activity  is  easily  understood,  since  they  are 
formed  from  optically  active  material. 

This  by  no  means  solves  the  problems  of  how  the  first 
optically  active  compoimd  arose,  and  of  why  nature  has  not  pro- 
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duced  the  chemical  mirror-images  of  all  optically  active  sub- 
stances foimd  in  the  existing  flora  and  fauna,  since,  as  far  as  is  at 
present  known,  the  probability  for  the  formation  of  both  must 
have  been  equal. 

III.     P0LT0SE8. 

Baffinose,  Ci^HcOi.  +  511,0. 
2S4.    Bafflnase  is  the  most  important  of  the  hexotrioses,  of  which 
very  few  axe  known.    Their  formula  is  diHisOi»;  that  is, 
30«Hi,0«  -  2H,0. 

Baffinose  is  a  hexotriose,  since,  oh  hydrolysis»  it  takes  np  two  mole- 
cules of  water  with  formation  of  an  equal  number  of  molecules  of 
d-fructose,  d-glucose,  and  galactose.  By  careful  hydrolysis,  raffinose 
can  be  split  up  quantitatively  Into  d-fructose,  and  adiose  (melediase); 
from  the  latter,  ef-glucose  and  galactose  can  be  obtained,  in  the  same 
way  as  from  lactose,  with  which,  however,  melediose  is  not  identical. 
Raffinose  exhibits  none  of  themonose  reactions;  thus,  it  has  no  action 
on  alkaline  copper  solutions.  This  proves  the  absence  of  a  free 
carbonyl-group,  so  that  raffinose  must  be  represented  by 

0«H,iO.<O.C«Hi.04<0>C.H,,0». 
Melediose  exhibits  the  sugar  reactions,  and  therefore  contains  one 
free  carbonyl-group,  so  that  its  formula  is 

C.Hi.O.<O.C.H„0.<, 
which  proves  that  the  splitting  up  of  raffinose  into  monose  and  diose 
takes  place  at  the  dicarbonyl-bond,  as  otherwiso  there  would  have 
been  obtained  a  diose,  GeHiiOft<0>G«HiiOft,  which  does  not  contain  a 
free  carbonyl-group. 

Baffinose  crystallizes  with  five  molecules  of  water.  When  sucrose 
contains  a  certain  proportion  of  this  polyose,  it  yields  pointed  crystals. 

Higher  Polyoses. 

225.  Most  of  these  are  amorphous,  and  do  not  possess  a  sweet 
taste;  many  of  them  are  insoluble  in  water.  On  hydrolysis,  they 
split  up  into  monoses,  either  pentoses  or  hexoses,  so  that  it  may 
be  assumed  that  the  monoses  are  linked  together  through  the 
oxygen  atom.  The  molecular  weight  of  the  polyoses  is  imknown; 
it  must  be  very  great.  Their  formula  may  be  represented  as  being 
derived  thus: 

nC.H^Oe- (n-l)H,0. 

If  n  is  very  great,  this  constitution  approximates  to 
nC.Hi,0.  -  nH,0  =  nCCeHjoOs), 
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which  is  the  formula  deduced  from  the  residts  of  analysis.  On 
hydrolysis,  nearly  all  the  polyoses  yield  monoses  with  theisame  num- 
ber of  C-atoms,  but  a  polyose  which  can  be  split  up  into  pentose 
and  hexose  seems  to  be  present  in  the  gums  of  plants. 

Starch. 

226.  Starch  is  the  first  observable  assimilation-product  of  plants. 
It  occurs  in  large  quantities  in  the  tubers,  roots,  and  seeds  of 
many  plants,  in  which  it  is  present  in  the  form  of  granules  differing 
in  form  and  size  in  dififerent  plants.  These  are  represented  in  Figs. 
67,  68,  and  69. 


Fig.  67.— Ryk-stakch.     x  820. 

Starch  is  insoluble  in  cold  water;  in  hot  water  it  swells  up  with- 
out dissolving.  It  yields  an  intense  blue  colouration  with  a  dilute 
solution  of  iodine,  for  which  this  reaction  serves  as  a  test.  When 
boiled  with  dilute  acids,  starch  is  wholly  split  up,  yielding  only 
rf-glucose.  When  starch-paste  is  treated  \y^ith  diastase,  it  first 
dissolves,  then  the  molecule  splits  up,  with  ultimate  formation  of 
maltose  and  isomaltose,  CijHjjOii.  Both  these  methods  of  treat- 
ment yield  intermediate  products,  however;  these  are  gum-like  sub- 
stances, polyoses  containing  a  smaller  niunber  of  atoms  in  the  mole- 
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Fig.  69.--POTATO-BTABCH.       X 
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cule  than  starch,  called  dextrins.  Dextrin  is  also  obtained  by 
heating  starch  alone,  or  to  110®  with  a  small  quantity  of  nitric  acid. 
Starch  does  not  show  any  of  the  reactions  of  the  monosee;  it 
does  not  reduce  an  alkaline  copper  solution,  nor  resinify  with  alka- 
lis, and  yields  no  compoimd  with  phenylhydrazine.  This  proves 
the  absence  of  a  free  carbonyl-group,  so  that  its  molecule  must  be 
represented  by 

C.HioOe<0  ....  CeHjoO,<0>CeHio04  ....  0>C.H„05. 

It  might  be  saggested  that  the  molecule  of  starch  oontaiDs  more 
than  one  dicarbonyl-bond,  when  the  formula  would  be,  for  example, 

0«H„0.<0  ....  C,H,o04<0>C*Hi«04-0>C«H,.0. 0>0«HioOi< 

<0>C.Hu04  0>O.Hi.O,.0>C«Hx.O,  . . .  0>O.HioO,. 

It  does  not,  since  hydrolysis  of  a  compound  of  this  type  must 
yield,  in  addition  to  d-glucose,  a  substance  n::-C«Hi«0«c:«  containing 
two  free  oarbonyl-groups,  and  no  such  product  has  been  obtained  by 
the  hydrolysis  of  starch. 

Dextrin  can  unite  with  phenylhydrazine,  and  exhibits  the  reac- 
tions of  the  monoses,  such  as  reduction  of  an  alkaline  copper  solution, 
and  the  formation  of  a  yellow  colouration  with  alkalis.  It  must, 
therefore,  be  assumed  to  contain  a  free  carbonyl-group. 

Kannfactnre  of  Starch. 

S87.  The  process  by  which  starch  is  manufactured  is  theoretically 
very  simple.  When  prepared  from  potatoes,  the  latter  are  finely 
ground,  so  as  to  destroy  the  cell-tissue  and  lay  bare  the  starch-granules. 
The  latter  are  then  treated  with  water  in  a  specially  constructed 
apparatus,  somewhat  resembling  a  sieve,  by  means  of  which  they  are 
washed  out  of  the  cell-tissue,  and  settle  on  standing,  after  which  they 
are  carefully  washed,  and  dried  slowly. 

Starch  is  employed  for  many  purposes  in  the  arts ;  as  an  adhesive 
paste,  and  for  stiffening  linen  in  laundries.  In  the  latter  process,  the 
starch-paste  is  converted  by  the  heat  of  the  smoothing-iron  into  a  stiff, 
shining  layer  of  dextrin,  coating  the  fibres  of  the  linen.  Starch  is  of 
great  importance  as  a  large  constituent  of  foods.  It  is  more  fully 
treated  of  in  this  connection  in  physiological  text-books. 

Glycogen,  {C,H,,0,)x. 

8M.  Glycogen  is  a  substai^^  resembling  starch,  and  is  present  in 
the  animal  organism,  the  other  polyoses  being  vegetable  products.  It 
is  usually  prepared  from  liver,  and  is  a  white,  amorphous  powder, 
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diflsolTing  in  water  with  formation  of  an  opalesoent  solution.  On 
hydrolysis,  it  yields  only  d^glucose.  Apparently  there  are  different 
kinds  of  glycogen,  varying  with  tl\e  animal  from  which  it  is  isolated. 

CeUulose,  (CeH^oOO,. 
229.  Cellulose  is  a  polyose  of  very  high  molecular  weight.  The 
cell-walls  of  plants  consist  principally  of  this  substance,  together 
with  lignin,  which  is  probably  not  a  polyose.  Cellulose  is  very 
stable  towards  dilute  acids  and  alkalis.  This  property  is  made  use 
of  in  the  technical  preparation  of  cellulose,  in  order  to  free  it  from 
the  substances  present  along  with  it  in  the  plant-material. 
Linen,  cotton,  and  paper  consist  almost  exclusively  of  cellulose;  pure 
filter-paper  is  nearly  chemically  pure  cellulose.  When  it  is  dis- 
solved in  strong  sulphuric  acid,  and  the  solution  boiled,  after  dilu- 
tion with  water,  it  is  completely  hydrolyzed.  Cellulose  from  cotton- 
wool, paper,  etc.,  yields  exclusively  d-glucose;  from  coffee-beans, 
cocoa-nibs,  etc.,  d-mannose.  Cellulose  is  converted  by  treatment 
with  sulphuric  acid  containing  half  its  volume  of  water  into  a  col- 
loidal modification,  amyloid,  which  gives  a  blue  colouration  with 
iodine;  this  reaction  furnishes  a  test  for  cellulose.  The  latter  is 
soluble  in  an  ammoniacal  solution  of  copper  oxide  (Schweitzer's 
reagent);  from  this  solution  it  is  precipitated  chemically  un- 
changed by  acids  and  salts,  and  forms  an  amorphous  powder  when 
dried. 

Teohnioal  Applioations  of  Cellulose. 

SSO.  Linen  is  obtained  from  the  stalk  of  the  flax-plant.  The  linen 
fibres  can  be  obtained  from  the  flax  in  several  ways,  since  cellulose  is 
very  stable  towards  chemical  reagents  :  this  can  be  effected  by  immer- 
sion of  the  flax  in  water  for  a  period  of  ten  days  to  a  fortnight,  which 
causes  the  decay  of  the  external  fibre,  giving  rise  to  a  very  unpleasant 
smell.  The  process  is  known  as  '*  steeping.*^  The  fiax  is  spread  out  to 
dry,  and  is  then  passed  through  corrugated  **  rollers"  to  loosen  the 
external  woody  fibre ;  the  latter  is  stripped  off  by  revolving  wooden 
arms  called  '  *  wipers,'*  this  being  called  *  *  scutching.''  The  linen  fibres 
can  also  be  obtained  from  the  flax  by  the  action  of  a  very  dilute  solu- 
tion of  alkali ;  they  have  a  gray  colour,  and  are  bleached  by  either 
being  spread  out  in  the  open,  or  by  means  of  bleaching-powder. 

Paper  was  formerly  prepared  almost  exclusively  from  linen  rags, 
but  is  now  largely  manufactured^from  wood  and  straw,  which  must 
he  divided  into  flbres,  and  these  separated  as  much  as  possible  from 
the  other,  so-called  incrusting,  substances  present.    This  is  effected  by 
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the  stdphite  method^  in  which  the  wood  is  heated  under  pressare  with 
a  solution  of  acid  sulphite  of  calcium.  When  straw  is  used,  it  is  heated 
with  caustic  soda  under  pressure.  By  this  process  most  of  the 
incrustiug  substances  are  dissolved,  the  wood  or  straw  being  bleached 
at  the  same  time ;  the  cellulose  which  remains  can  be  readily  separated 
into  fine  fibres,  which  is  necessary  to  the  manufacture  of  paper-pulp. 
It  is  not,  however,  possible  to  remove  all  the  lignin  by  this  process, 
with  the  result  that  wood-paper  and  straw-paper  answer  to  the  tests 
for  lignin,  and  can  be  easily  recognized  by  means  of  these.  Lignin 
gives  a  yellow  colouration  with  salts  of  aniline,  and  a  red  colouration 
with  a  solution  of  phloroglncinol  in  concentrated  hydrochloric  acid. 

ParchinenUpaper  is  prepared  by  converting  the  outer  surface  of 
paper  into  amyloid  (229),  a  process  which  imparts  toughness  to  the 
paper. 

Nitrates  of  CellnloBe. 

231.  These  compounds  are  of  great  technical  importance.  When 
ootton-wool  is  treated  with  a  mixture  of  nitric  and  sulphuric  acids, 
dinitrates  to  hexanitrates  ai*e  obtained,  this  being  dependent  upon 
the  concentration  of  the  acids,  and  the  duration  of  the  process.  Cel- 
lulose is  arbitrarily  assumed  to  have  the  formula  dsHtoOie,  so  that 
to  the  dinitrate  is  assigned  the  formula  CisHisObCONOs)*,  and  to  the 
hexanitrate  CisHm04(ONOs)».  The  solution  in  a  mixture  of  alcohol 
and  ether  of  the  dinitrate,  trinitrate,  and  tetranitrate  is  known  as 
coUodioTiy  which  on  evaporation  leaves  an  elastic  skin,  and  is  em- 
ployed in  photography.  The  hexanitrate  is  guncotton,  which  looks  like 
ootton-wool,  but  feels  somewhat  rough  to  the  touch,  and  is  extensively 
employed  as  an  explosive.  It  burns  quietly  when  a  loose  tuft  of  it  is 
Ignited,  but  can  be  made  to  explode  by  the  detonation  of  a  small 
amount  of  mercury  fulminate,  and  yields  only  gaseous  products, 
nitrogen,  hydrogen,  water-vapour,  carbon  monoxide,  and  carbon  diox- 
ide. It  exerts  a  brisant  action  (160),  and  without  modification  is, 
therefore,  unsuitable  for  use  in  artillery. 

When  guncotton  is  dissolved  in  acetone  or  ethyl  acetate,  a  gelatin- 
ous mass  is  obtained ;  after  removal  of  the  solvent,  an  amorphous, 
transparent  substance  is  left,  having  the  same  chemical  composition 
as  guncotton,  but  burning  and  exploding  more  slowly.  By  this  means 
the  velocity  of  explosion  can  be  so  regulated  as  to  make  guncotton 
available  for  use  in  artillery,  and  it  is  employed  in  this  form  under 
the  name  **  smokeless  powder." 

The  hexanitrate  of  cellulose  is  also  used  in  the  manufacture  of 
artificial  silk.  In  de  Chardonnet^s  method,  the  nitrate  is  dissolved 
in  a  mixture  of  alcohol  and  ether,  and  the  solution  pressed  through 
fine  glass'  tubes  under  a  pressure  of  forty  to  fifty  atmospheres.  The 
filaments  are  received  in  water,  which  takes  up  the  solvent,  leaving  a 
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yery  fine  thread ;  when  ten  to  twenty  of  these  are  spnn  together,  a 
thread  capable  of  being  woven  is  obtained.  When  the  fabric  thus 
prepared  is  treated  with  a  solution  of  calcium  sulphide,  obtained  from 
the  tank-waste  in  the  manufacture  of  sodium  carbonate  by  the 
Le  Blang  process  ('*  Inorganic  Ohemistry,"  886),  the  NOr-groups  of  the 
nitrate  are  eliminated,  with  production  of  nearly  pure  cellulose  in  a 
form  exactly  resembling  silk. 

AMUrO-BSBIVATiySS  or   ALDXHTBX8  AVB  XXT0H18. 
838.  Very  few  examples  of  this  class  of  compounds  are  known. 

Aminoacetaldehyde,  OH.NH,  -Oq,  a  yery  unstable  compound,  can  be 

obtained  from  aminoaoeM,  CH,NH..o5^Q^g  v^,  which  can  be  pre- 
pared from  monochloroaeetal,  CHiCl-CH(OOiH»)i.  Muêoaritèe  Is  pos- 
sibly the  corresponding  trimethylammonium  base  : 

CH,(NCH,),OH 
ig  +  H.0 

It  is  a  crystalline,  exoessiyely  poisonous  substance  and  is  present  in 
certain  plants — for  example,  toad-stool  (AgaHcus  mtucarius). 

Ohitine  is  one  of  the  principal  constituents  of  the  shells  of  the  Crus- 
tacea, such  as  the  crab  andlobstej:;  when  heated  with  hydrochloric 
acid,  it  yields  chUosamine  hydrodUoridey  from  which  the  free  base 
chUoaamine^  dHiaKO»,  can  be  obtained  by  the  action  of  sodium 
methoxide  dissolyed  in  methyl  alcohol.  Ghitosamine  undergoes  a  change 
when  its  solution  in  methyl  alcohol  is  boiled,  since,  on  cooling,  there 
gradually  separates  from  the  liquid  a  crystalline  substance,  identical 
ynüïfructasamine^  which  is  slowly  deyeloped  in  a  solution  of  fructose 
in  methyl  alcohol  containing  ammonia. 


ALDSBnrDIO  AID  KBTOHIO  ACIDS. 


OlyoxyUo  Acid,  0O0H-(^  +  H,0. 

233.  Olyoxylic  acid  is  the  first  member  of  the  series  of  aldehydic 
acids.  It  is  present  in  unripe  fruits,  and  can  be  prepared  by  heat- 
ing dibromoacetic  acid,  CHBra  •  OOOH,  with  water.  It  also  results  in 
the  oxidation  of  alcohol  with  nitric  acid,  by  the  method  described 
under  glyoxal  (202). 

As  seen  from^^the  formula  given  above,  glyoxylic  acid  contains 
one  molecule  of  water,  which  cannot  be  separated  from  the  acid  or 
its  salts  without  their  undergoing  decomposition.  For  this  reason, 
the  water  is  often  assumed  to  be  in  chemical  cpmbinationX165), 
CH(0H)3.C00H,  as  it  is  in  chloral  hydrate  (204).    In  both  these 

substances  the  aldehyde-group,  — Cq,  is  under  the  influence  of  a 

strongly  negative  group,  — CQ,  in  chloral,  and  — COOH  in  glyoxy- 
lic acid.  The  latter,  moreover,  possesses  all  the  properties  charac- 
teristic of  aldehydes;  it  reduces  an  ammoniacal  silver  solution,  forms 
an  addition-product  with  sodium  hydrogen  sulphite,  yields  an  oxime, 
etc.  When  boiled  with  caustic  potash,  it  is  converted  into  glycoUic 
and  oxalic  acids,  the  formation  of  which  may  be  explained  by  the 
assumption  that  one  molecule  of  the  acid  takes  up  the  two  hydrogen 
atoms,  and  another  the  oxygen  atom,  from  one  molecule  of  water: 

H^  H 
COOH.C     +      O    -f    Hp  p^^„ 

=  COOHCHjOH  4-  COOH.  COOH. 

Pyroracemic  Acid,  CH,. CO  COOH. 

234.  Pyroracemic  acid,  the  first  member  of  the  series  of  ketonic 
acids,  owes  its  name  to  its  formation  by  the  distillation  of  either 
tartaric  or  racemic  acid  with  potassium  hydrogen  sulphate.  It 
is  probable  that  carbon  dioxide  is  first  split  off  from  tartaric  acid, 

|COO|H>CHOH»CHOH»COOH,  with  formation  of  glyceric  acid, 
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CH,fO|H^|H|0JH|-C00H,  which  gives  pyroracemic  acid  by  loss 
of  one  molecule  of  water;  for  glyceric  acid  itself  is  converted  into 
pyroracemic  acid  by  heating  with  potassium  hydrogen  sulphate. 
P3nroracemic  acid  can  be  obtained  synthetically  by  hydrolysis  of  the 
nitrile  formed  by  the  action  of  potassium  cyanide  on  acetyl  chloride : 

CH,.COa->  CH.COCN  ->  CHaCOCOjH. 

This  is  a  general  method  for  the  preparation  of  a-ketonic  adds. 

When  heated  to  150®  with  dilute  sulphuric  acid,  pyroracemic  acid 
Cfplits  up  into  carbon  dioxide  and  acetaldehyde: 

CH,.CO.|C^|H  =  CHj-Cq  +  CO,. 

Pyroracemic  acid  is  liquid  at  ordinary,  but  solid  at  low,  temper- 
atures; it  melts  at  9*^,  boils  at  165®,  and  is  miscible  with  water  in 
all  proportions;  its  specific  gravity  is  1-27  at  20®,  and  it  has  an 
odour  resembling  that  of  acetic  acid.  It  is  a  stronger  acid  than 
propionic  acid,  for  which  K  is  0-00134;  for  pyroracemic  acid  K  is 
0*56,  which  must  be  explained  by  assuming  the  presence  of  a 
negative  carbonyl-group  in  juxtaposition  to  the  carboxyl-group. 

Pyroracemic  acid  has  all  the  properties  characteristic  of  ketones; 
it  yields  an  oxime,  a  hydrazone,  an  addition-product  with  hydro- 
cyanic acid,  etc. 

The  electrolysis  of  a  very  concentrated  solution  of  potassium  pyro- 
racemate  yields  acetic  acid  and  diacetyl.  The  formation  of  acetic  acid 
must  be  looked  upon  as  due  to  the  interaction  of  the  anion  of  the  acid 
and  the  hydroxyl-ion,  after  being  discharged  at  the  anode : 

CH.CO.COO'  +  OH'  =  CH..COOH  +  CO.; 

and  that  of  diacetyl  as  resulting  from  the  union  of  two  acid  anions, 
with  elimination  of  COi: 

ch::co:oo?= <^-«>«^-c=« + «00.. 

The  potassium  salts  of  other  ketonic  acids  are  decomposed  by  elec- 
trolysis in  an  analogous  manner. 

Aoetoacetic  Add,  CH,.CO-CH,.COOH, 

235.  Aoetoacetic  add  is  a  /}-ketonic  acid.  It  is  not  of  much 
importance,  but  its  ethyl  ester,  acetoaceiic  ester,  is  a  very  interesting 
compound. 

Aoetoacetic  ester  is  obtained  by  Claisen^s  condensation-method 
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(203)  through:  the  action  of  sodium  on  ethyl  acetate  in  presence  of 
ethyl  alcohol: 

0  /^^*     ^ 


"  Ethyl  acetate 


OCjH,      H 


COOOCjH,  =  2CJ3tOB.  + 


Addition-product 


/ONa 


+  CH,.(>=CH.COOC,H,     or     CH,.CO.CHNa-COOC,H,. 

Sodioaoetoacetic  < 


This  explanation  of  the  condensation  was  proved  to  be  correct 
in  this  instance  by  Claisen,  who  found  that  acetoacetic  ester 
cannot  be  prepared  by  the  action  of  sodium  on  ethyl  acetate 
which  has  been  carefully  purified  from  alcohol.  The  free  ester, 
CHj-CO-CHj-COOC^Hj,  can  be  obtained  by  treatment  of  the 
sodium  compound  with  acetic  acid. 

Acetoacetic  ester  is  a  colourless  liquid,  slightly  soluble  in  water, 
and  characterized  by  an  agreeable  odour;  it  boils  at  181^,  and  has 
a  specific  gravity  of  1-030  at  15®.  It  can  be  split  up  in  two  ways, 
respectively  known  as  the  ketone  decomposition  and  the  acid  decomr 
position,  on  account  of  the  nature  of  the  products. 

The  ketone  decomposition  is  effected  by  heating  acetoacetic 
ester  with  dilute  sulphuric  acid,  or  with  a  dilute  aqueous  solution  of 
alkali,  the  products  being  acetone,  carbon  dioxide,  and  alcohol: 

CH,  CO.OI^CO^aH,  _  cH,.CO.CH,  +  CO,  +  C,H,OH. 


+  H 


OH 


The  acid  decomposition  takes  place  when  acetoacetic  ester  is 
heated  with  a  very  concentrated  solution  of  alcoholic  potash  or  soda: 


CH,.CO 
+  0H 


CHaCOO 
H  +  H 


g^J*  «  CH3.COOH  +  CH3.OOOH  +  C,H.OH. 


The  great  importance  of  acetoacetic  ester  for  S3mtheses  arises 
from  its  capability  of  undergoing  these  two  decompositions,  to- 
gether with  the  fact  that  the  Na-atom  in  sodioacetoacetic  ester 
can  be  substituted  by  a  great  variety  of  groups.  If  it  is  replaced  by 
a  group  R,  there  is  obtained  the  compound 

CHj.CO.CHR  COOCjI^, 
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which,  by  the  ketone  decomposition,  yields  a  ketone  CH,  •  CX)  •  CHjR, 
this  reaction  affording  a  general  method  of  synthesizing  methyl- 
ketones  (110). 

The  compound  CHjCOCHR.COOCjHg  can  be  converted  by 
the  acid  decomposition  into  acetic  acid,  and  an  acid  of  the  f onnula 
RHsC-GOOH,  so  that  this  is  a  general  method  of  preparing  mono- 
basic acids  S3rnthetically. 

Sodium  can  again  react  with  the  compound 

CH,.C0CHE-C00C^5, 

with  replacement  of  the  hydrogen  atom  H,  and  production  of  a 
compound  whose  Naratom  can  also  be  exchanged  for  the  most 
varied  groups,  jrielding  substances  of  the  type 

CHj.COCRR'COOCjHg. 

These  are  converted  by  the  ketone  or  acid  decomposition  into 

CHj.COCHRR'    or    CHRR'-COOH. 

On  account  of  this  property,  the  number  of  compounds  which 
can  be  synthesized  by  the  aid  of  acetoacetic  ester  is  very  great. 
The  process,  called  the  acetoacetic  ester  synthesis,  is  carried  out  in 
the  way  already  described  for  the  malonic  ester  synthesis  (166).  A 
few  examples  of  this  s)rnthetical  method  may  be  mentioned. 

1.  Methylnonyl  ketone,  the  principal  constituent  of  oil  of  rue 
(from  Rvia  graveolens),  can  be  obtained  by  the  action  of  n-octyl 
iodide  upon  sodioacetoacetic  ester: 


CH3 . CO .  CH  Na-f  I  CgHj^  ->  CH, •  CO  •  CH  •  C,Il,,; 


COOCjHg  COOCjHj 

this  compound  jrields,  by  the  ketone  decomposition,  methylnonyl- 
ketone, 

CH.COCHj.CgH^. 

n-Octylacetoacetic  ester  jrields,  by  the  acid  decomposition,  capric 
acid,  CjoHjoOj,  whose  carbon  chain  must  therefore  be  a  normal  one 
(144). 

2.  Heptylic  acid,  which  is  obtainable  from  (i-fructose  by  the 
cyanhydrin  S3mthesis  (212,  2),  can  be  synthetically  built  up  from 
acetoacetic  ester   by  the   successive  introduction   of  a  n-butyl- 
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group  and  a  methyl-group;  this  proves  it  to  be  n-butylmethyi- 
acetic  acid; 

CHaOOCHNa  CH.COCHCA 

COOCA    "*  ioOCjH,  "^ 

,  ButjlaoeUMkoetic  aster 

(3H,.CX).CNaC<H,  yCH, 

->  I  ->    CH,  CO-C^J 

COOCjHj 

MethylbutyUoeUMMsetic  c 

this  yields,  by  the  acid  decomposition, 

CHj.CHCA 
COOH 

Mathyl-n-butylacetic  add 

3.  x-Ketonic  acids  are  obtained  by  the  action  of  acetoacetic 
ester  upon  the  esters  of  the  a-halogen-substituted  fatty  acids,  fol- 
lowed by  the  ketone  decomposition: 

R  R 


CHs-OO-CHNa X|CH  CHa-COCH— CH-GOAH,; 

•        COAH5       CX)AH6  ~COjSfi^ 

This  jrields,  by  the  ketone  decomposition, 

CH,.CO.CH,.CHR.CX),H. 

r     fi       a 

4.  When  iodine  acts   upon  sodioacetoacetio  ester,  the  sodiam  is 
removed,  and  the  two  residues  nnite  thus : 


CHi-COCHNa  Na 

COsCaH» 

CH. .  CO .  CH CH .  COCH. 


HCCO-CH, 
CO.C.H. 


I  I  +2NaI. 

CO,C,H.    CO,C,H. 

Diaoetylsuocinic  ester  is  formed,  and,  when  boiled  with  a  20  per  cent 
solution  of  potassium  carbonate,  readily  splits  off  carbon  dioxide 
and  alcohol,  with  formation  of  acetonylacetone  (20S): 

OH.  •  00 .  OH— OH .  00 .  OH. 
IH     |H 

-►  OH..OO.OH..OH,.00-OH,. 
AMtonylaoetone 


0»H>|0.  0 


OH 


|oa 


0.H» 
OH 
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Invnlinio Aoid,  CHa'C^-CHj-CHaCOOH. 

886.  Losvvlinic  acid  is  the  simplest  y-ketonic  acid;  it  can  be 
obtained  by  the  synthetical  method  described  in  236,  3 — ^from 
acetoacetic  ester  by  the  action  of  monochloroacetic  ester;  in  this 
instance,  in  the  formula  given  R  »  H.  It  was  mentioned  (212,  6) 
that  Isevulinic  acid  is  produced  when  hexoses  are  boiled  with  con- 
centrated hydrochloric  acid,  and  it  is  usually  prepared  by  this 
method,  which  has  not  yet  been  fully  explained. 

Lavulinic  acid  is  crystalline;  it  melts  at  33 '5®,  and  boils  with 
slight  decomposition  at  250^.  It  3delds  an  oxime  and  a  hydrazone, 
and  an  addition-product  with  hydrocyanic  acid;  in  short,  it  exhibits 
all  the  reactions  characteristic  of  ketones. 


Hetozalio  Acid,  CaHaOs  +  HaO. 

237.  Mesoxalic  add  is  a  t3rpe  of  the  dibasic  ketonic  acids.  Its 
constitution  is  proved  by  the  formation  of  ethyl  mesoxalate  when 
dibromomalonic  ester,  BraCCCOOCaHj),,  is  boiled  with  baryta- 
water: 

(CaH>OOC)aC|Bra  +  Ba;(OH)a  =  (CaH600C)aC(0H)a  +  BaBra. 

Mesoxalic  acid,  like  glyoxylic  acid  (233),  can  only  be  obtained 
with  one  molecule  of  water.  An  ester  of  the  anhydrous  acid  is, 
however,  known;  it  very  readily  adds  on  water.  The  constitution 
(C00H)aC(0H)2  must  therefore  be  assigned  to  the  free  acid  (166), 
which  has  most  of  the  properties  of  ketones,  in  the  same  way  as 
chloral  hydrate  (204)  and  glyoxylic  acid  show  most  of  the  reac- 
tions of  aldehydes.  When  boiled  with  water,  mesoxalic  acid  loses 
carbon  dioxide,  forming  glyoxyUc  acid: 

Oa|H'C(OH)aC(X)H. 

Xt  \&  not  surprising  that  a  compound  containing  a  carbon  acom 
loaded  with  four  negative  groups  should  split  up  in  this  way;  the 
decomposition  takes  place  more  readily  than  that  of  malonic  acid, 
which  does  not  lose  carbon  dioxide  till  heated  above  its  melting- 
point,  to  \^-15ICP. 
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Oxalaoetio  Ester,  CjH^OOCCOCHj-GOOCyHs- 

238.  Oxalacetio  ester  oan  be  obtained,  in  accordance  with  OLA28KN*t 
method  (80S),  by  the  condensation  of  ethyl  oxalate  with  ethyl  acetate : 


yONa         H 


0,H»000— OOOOA  ->  0,H.OOC.CeiO0,H,  +  H 

^loCiH,      H 


OCOOCH. -i 


.Btfayl09adate  Addifekm-iirodnct  Ethyl  aoetete 

'  with  aodium  etboxide 

/ONa  II         I 

-»0,H,OOC.C=CH.CX)00,H,  -♦  O.H.OOOCO.  jOH,.  j  OOOO.H» 

Oxalacetio  Mtor 

Oxalacetio  ester,  like  acetoaoetic  ester,  can  be  split  up  with  addi- 
tion of  one  molecule  of  water ;  the  two  points  at  which  decomposition 
can  occur  are  indicated  in  the  formula  by  the  dotted  lines  I  and  II. 
Dilute  sulphuric  acid  causes  decomposition  at  I,  with  formation  of 
pyroracemic  acid  (884),  carbon  dioxide,  and  alcohol.  Decomposition 
at  II  results  from  the  action  of  alkalis,  and  yields  oxalic  and  acetic 
acids.  The  ketonic  nature  of  oxalacetio  ester  is  shown  by  the  forma- 
tion of  an  oxime  and  by  other  reactions.  Free  oxalacetio  acid  is  not 
obtained  by  saponification  of  the  ester,  since  decomposition  occurs. 
It  can,  however,  be  obtained  otherwise;  its  melts  with  decomposition 
at  173*,  Reduction  with  sodium  amalgam  yields  malic  acid,  and  this 
reaction,  together  with  the  synthesis  given  above  and  the  formation 
of  anx)xime,  establishes  the  constitution  of  oxalacetio  ester. 

Acetonedicarboxylic    Acid,  COOH- CH/ CO*  CH,- CX)OH. 

239.  Acetonedicarboxylic  acid  is  formed  by  the  action  of  concen- 
trated sulphuric  acid  on  citric  acid,  water-yapour  and  carbon  mon- 
oxide being  evolved: 

CH.COOH  CHfCOOH 

j^<8oOH    =   ]^  +oo  +  H.a 

CH.COOH  CH.COOH 

Citrto  acid       Acetonedicarboxylic  acid 

This  decomposition  is  analogous  to  that  undergone  by  other  or-hydroxy* 
acids  into  aldehyde,  and  formic  acid  or  CO  +  HtO  (186). 

The  constitution  of  acetonedicarboxylic  acid  is  inferred  from  its 
forming  with  hydrocyanic  acid  an  addition-product  which  is  the 
mononitrile   of  citric  acid.     Four  H-atoms  of  acetonedicarboxylic 
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add  can  be  sncoessiyely  replaced  by  sodiam;  this  is  explained  by  the 
presence  in  the  molecule  of  two  methylene-groups  in  union  with 
negatiye  groups.  It  is  thus  possible  to  introduce  in  succession  four 
different  radicles,  which  makes  the  formation  of  numerous  deriva- 
tives feasible. 

Acetonedicarboxylic  acid  is  crystalline,  and  melts  at  185*,  with  loss 
of  two  molecules  of  carbon  dioxide,  and  formation  of  acetone. 

Yinylacetic  acid  (143)  can  be  obtained  by  the  aid  of  acetonedicarb- 
oxylic acid.  It  is  first  reduced  to  )tf-hydroxyglutaric  acid,  whose  OH 
is  then  substituted  by  bromine  by  treatment  with  concentrated 
hydrobromic  acid : 

COOH.CH,.CO.OH,.COOH->  COOH.CH,.CHOH.CH,.0OOH  -> 
Aoetonedicarbozyllo  acid  /l-Hydrozyglutario  actd 

->  COOH.CH.CHBr.CHsCOOH. 

The  sodium  salt  of  the  latter  displays  the  property  common  to 
/9-halogen-subetituted  acids  (178),  of  splitting  off  NaBr  and  COt;  it 
thus  yields  the  desired  yinylacetic  acid  : 

COO  ^  -CH,  CH[B?|  -CH^COONa  = 

=  NaBr  +  CO,  +  CH, :  CHCHtCOONa. 
Sodium  Tinjlaoetate 

TATTT01IEBI81I. 

240.  Acetoacetic  ester,  and  in  general  such  substances  as  1 : 3-    ö^  H 
diketones,  which  contain  the  group  — CO — CH, — CO — ,   afford     \  "'C 
instances  of  a  remarkable  kind  of  isomerism  called  tautomerüm.  "^  C^ 
Compounds  of  this  kind  behave  as  though  they  contained  some-  ^ 

times  the  group  named,  sometimes  the  group  — C(OH) :  CH — CO — ;   c 
a  few  examples  will  serve  to  make  this  clearer.  \jé^ 

When  alkyl-groups  are  introduced  into  acetoacetic  ester  (235)*'  '>.  "  C 
they  become  united  to  a  carbon  atom:  thus,  methylacetoacetic 
ester  must  have  the  constitution  CH3-CO-CH(CH3)-COOCjH5, 
since  by  the  ketone  decomposition  it  yields  methylethylketone, 
and  by  the  acid  decomposition  methylacetic  acid,  or  propionic  acid. 
Since  it  has  this  constitution,  the  formation  of  methylacetoacetic 
acid  is  best  explained  by  supposing  that  sodioacetoacetic  ester, 
CHj-CO-CHNa-COOCjHj,  is  first  formed,  the  Na-atom  being 
then  exchanged  for  a  methyl-group  by  the  action  of  methyl  iodide. 
The  majority  of  substitutions  in  acetoacetic  ester  are  to  be  looked 
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upon  as  taking  place  in  this  way,  with  fonnation  of  C-derivatives 
of  the  ester. 

A  different  effect  is  produced  by  the  interaction  of  sodioaceto- 
acetic  ester  and  chlorocarbonic  ester,  a-COOC,Hj  (249),  which  re- 
sults in  the  formation  of  two  substances  in  different  quantities. 
The  one  formed  in  smaller  quantity  results  by  the  reaction  indicated 
above: 

yCOOCjH, 

CH,0OCHNa-COOC,H,  ^^^  .mrw 

\XX)C,H, 

since  this  substance  is  identical  with  the  product  obtained  by  the 
action  of  acetyl  chloride  on  sodiomalonic  ester: 

CHaCOCl  +  NaCH(COOCA)2-*CH,CX)CH(COOC,H5),. 

Its  constitution  also  follows  from  its  solubility  in  alkalis,  indicating 
that  it  contains  an  H-atom  replaceable  by  metals.  This  must  be 
in  the  CH-group. 

The  main  product  of  this  reaction  is  an  isomeric  compound, 
which  is  assumed  to  have  the  constitution 

CH.CiCHCOOCjHg 
OCOOCjHb 

on  account  of  its  method  of  formation  and  its  insolubility  in  alkalis; 
the  latter  proves  that  it  does  not  contain  a  CH-group  between  two 
carboxyethyl-groups.  The  formation  of  a  compound  of  this  type  is 
best  explained  by  the  assumption  that  sodioacetoacetic  ester  has 
the  constitution  CHj-CCONa)  rCH-COOCjHg,  as  replacement  of  the 
Na-atom  in  this  by  the  group  — COOCjHg  would  lead  to  the  forma- 
tion of  a  substance  of  the  above  constitution. 

An  analogous  reaction  takes  place  between  chlorocarbonic  ester 
and  sodioacetylacetone;  the  process  is  to  a  small  extent  in  accord- 
ance with  the  equation 


CH3COCH 

+ 


Na'  •  CO  •  CH,       CH,CO  •  CH  •  CO  •  CH, 

=  1  -f  Naa, 

CI     COOC^Hs  COOC^ 


since  the  compound  formed  is  soluble  in  alkalis,  and  therefore  con- 
tains a  CH-group  in  union  with  three  negative  groups;  when 


TAUTOMERISM.  299 

wanned  with  an  equivalent  quantity  of  caustic  potash  it  readily 
splits  up  into  potassium  acetate  and  acetoacetic  ester: 

+  HOK 
CHsOO'CHIcOCH,  =  CH,'CO'CH,'COOC,Ht  +  CHs'(XX)K. 

r^niT^irs  tt  Aoetoacetic  ester  FotaMlum  acetate 

The  main  reaction,  however,  takes  place  thus: 

CHaC=CHCOCH,  CH,C=CHCOCH, 

I  =1  +  Naa. 

ONa  +  ClCOOCaHg  OCOOCjH^ 

This  is  proved  by  the  insolubility  of  the  compound  in  dilute  alkalis, 
which  split  it  up,  even  at  ordinary  temperatiu^,  into  acetylacetone, 
alcohol,  and  carbon  dioxide: 

CH,C=CHCOCHa 

OCOj^j         =  CH,C(0H)=CHC0CH,+C03-f  CjHjOH. 

4-  "H  OTT  Acetylacetone 

This  makes  it  improbable  that  the  group  — COOC3H5  is  in  imion 
with  a  carbon  atom. 

When  acid  chlorides  react  with  acetoacetic  ester,  it  is  possible  at 
will  to  obtain  a  C-derivative  or  an  Oderivatiye,  that  is,  a  com- 
pound in  which  the  acid  group  is  linked  to  the  rest  of  the  molecule 
either  through  carbon  or  through  oxygen.  A  C-derivative  is  ob- 
tained by  the  usual  method — the  treatment  of  sodioacetoacetic 
ester  with  the  acid  chloride.  When,  however,  acetoacetic  ester  is 
mixed  with  pyridine  (386),  and  the  acid  chloride  allowed  to  flow 
slowly  into  the  mixture,  an  Oderivative  only  is  formed: 

CHjCOCHCOOCjH,  CHaC=CHCOOC,H, 


i-. 


COCH3  OCOCH. 

C-derivatlve  (soluble  in  alkali)  O-derivative  (insolQble  In  alkali) 

By  means  of  such  ambiguous  reactions,  which  characterize  many 
other  substances,  it  is  not  possible  to  determine  whether  a  body  is 
a  keto-compound,  containing  the  group  — CO'CHj'CO — ,  or  an 
enolrcompound,  with  the  group  — C(OH):CH-CO — .  It  was 'for- 
merly usual  to  assign  one  of  the  two  formulae  to  substances  which 
exhibited  tautomerism,  and  to  explain  reactions  not  in  accordance 
with  this  formula  by  assuming  that  transformation  had  occurred. 
It  is  now  known  that  a  tatUameric  substance,  in  the  liquid  state  or  in 
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solviion,  consists  of  a  mixture  of  the  keto^ompound  and  the  enol-com- 
pound,  the  proportion  of  each  present  being  dependent  on  certain 
conditions,  and  this  view  affords  a  satisfactory  explanation  of  the 
observed  facts. 

The  fundamental  phenomenon  is  that  tautomers  can  react  as 
though  they  consisted  wholly  of  the  keto-compound,  or  wholly  of 
the  enol-compound.  This  is  explained  as  follows.  If,  from  a  mix- 
ture of  two  isomers  capable  of  changing  into  one  another  with  such 
readiness  that  the  balance  between  them  is  rapidly  restored,  an 
attempt  is  made  to  remove  one  of  the  components  by  chemical 
methods,  the  second  component  should  become  transformed  into 
the  first,  on  account  of  the  disturbance  of  the  equilibrium;  the 
mixture  should  then  react  as  though  it  consisted  wholly  of  the  first 
component.  If  a  chemical  reagent  which  only  reacts  with  the 
second  component  is  used,  the  mixture  should  behave,  for  the 
same  reason,  as  though  the  latter  were  the  only  substance  present. 
It  is,  however,  possible  to  effect  the  separation  of  tautomers  by 
chemical  means — first,  when  the  disturbed  balance  is  only  slowly 
restored;  second,  by  reactions  with  nearly  the  same  velocity  for 
both  forms,  resulting  in  different  products. 

These  conditions  are  to  a  certain  extent  attained  in  the  reactions 
described  on  pp.  298  and  299  for  chlorocarbonic  ester.  Schift  cites 
another  example,  the  addition  of  benzalaniline,  C«Hft-N:CH-C«II»,  to 
acetoacetic  ester,  which  also  yields  two  isomeric  substances.  It  is  by 
no  means  certain  whether  the  proportion  of  the  isomers  formed  is  the 
same  as  that  of  the  taatomeric  forms  present  in  the  acetoacetic  ester, 
because  it  is  unknown  how  far  the  above  conditions  are  fulfilled. 

Experience  has  shown  that  the  enol-form  gives  an  intense  colour- 
reaction  with  ferric  chloride,  which  is  not  obtained  with  the  keto- 
form.  This  gives  a  ready  means  of  identifying  a  tautomer,  and  cf 
recognizing  the  conversion  of  one  form  into  the  other;  it  has  been 
applied  in  various  instances,  such  as  the  investigation  of  formyl- 
phenylacetic  ester.  This  substance  results,  by  Claisen's  conden- 
sation-method (208),  from  the  action  of  the  ester  of  phenylacetic 
acid  upon  that  of  formic  acid: 


'^  +  H'|c<g&^,-  HC(OH):C<g^^^ 


^ONa 

Ethyl  formate  + 
sodium  ethozide 


EUiyl  phenylacetaie   Ethyl  formylphenylaoeUite  (EDOl-form) 
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The  keto-f onn,  or,  in  this  instancei  more  correctiy,  the  ^  aldo-f orm/' 
of  this  substance  has  the  formula 

XJOOCA 

The  enol-compound  is  solid,  and  melts  gradually  between  60*^  and 
70^;  the  aldo-compound  is  a  liquid.  In  dilute  alcoholic  solution 
the  former  gives  a  deep  violet-blue  colouration  with  ferric  chloride; 
the  latter  does  not  give  any  colour.  If,  however,  equally  concen- 
trated solutions  of  the  enol-form  and  the  aldo-form  are  made,  and 
equal  quantities  of  ferric  chloride  added  to  each,  after  some  days 
the  solutions  are  alike,  the  tint  of  the  enol-compoimd  having  become 
lighter,  and  the  aldo-compound  having  developed  a  blue  colour. 
This  proves  that  after  standing  for  an  interval  both  solutions  con- 
tain the  aldo-form  and  the  enol-form  and,  since  the  tint  is  the  same 
in  each  solution,  in  equal  amounts.  It  follows  that  an  equilibrium 
between  the  opposite  transformations  exists. 

Other  methods  are  known  by  which  this  transformation  of 
tautomers  can  be  recognized,  of  which  two  may  be  mentioned. 
Bruhl  has  shown  that  rays  of  light  are  much  more  strongly  dis- 
persed and  refracted  by  substances  containing  a  double  bond  than 
by  their  isomers  which  do  not  contain  such  a  bond.  Since  a  double 
bond  results  from  the  enolization  of  a  keto-form,  it  is  possible,  by  a 
determination  of  the  dispersive  and  refractive  powers,  to  prove  that 
in  alcoholic  solution  enol-compounds  are  transformed  into  keto- 
compounds,  and  vice  versa, 

W.  H.  Perkin,  Sen.,  has  discovered  another  aid  to  the  investiga- 
tion of  these  transformations  in  the  electromagnetic  rotation  of 
the  plane  of  polarization.  The  plane  of  a  plane-polarized  ray, 
passed  through  a  tube  containing  an  optically  inactive  substance, 
is  rotated  when  an  electric  current  is  passed  through  a  wire  woimd 
round  the  tube,  enclosing  the  colimm  of  liquid.  The  value  of  this 
rotation  of  the  plane  of  polarization  is  characteristic  for  chemical 
compounds,  supposing  that  the  current,  and  the  length  and  tem- 
perature of  the  column,  are  kept  constant;  and  Perkin  found  that 
subst^ances  containing  a  double  bond  in  the  molecule  occasion  a 
much  greater  magnetic  rotation  than  their  isomers,  from  which 
such  a  bond  is  absent. 
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The  investigations  which  have  been  carried  out  have  given  an 
insight  into  the  conditions  upon  which  the  ketizaiion  of  an  enol- 
compound,  and  the  enolizalion  of  a  keto-compound,  respectively 
depend;  among  them  is  the  temperature.  OjAISEn  found  that 
acetyldibenzoyhnethane,  CH3CO'CH(CC)CeH5)2  (benzoyl  ^CeH^CO, 
c/.  296),  has  the  keto-form  at  ordinary  temperatures.  It  is  then 
insoluble  in  alkalis,  and  in  aqueous  solution  gives  no  colouration 
with  ferric  chloride.  When  heated  to  110°,  and  quickly  cooled  to 
prevent  immediate  re-transformation,  it  is  found  to  be  converted 
into  the  enol-fonn,  since  it  answers  to  the  colour-test  with  ferric 
chloride,  and  is  readily  soluble  in  alkalis. 

It  has  further  been  shown  that  the  nature  of  the  solvent  has  a 
great  influence  upon  the  transformation.  In  solution  in  chloroform, 
an  enol-form  will  remain  unchanged  for  months,  while  in  alcoholic 
solution  it  becomes  partly  or  wholly  transformed  into  the  keto- 
form  in  the  course  of  a  few  days. 

FTBONE  DERIYATIYEB. 

A  number  of  compounds  which  are  assumed  to  contain  the  group 
CO 

HC^^CH 

M    are  known;  some  of  these  are  natural  products.   They 


HCv    /CH 


are  called  pyrone  derivcOives,  Some  of  them  will  be  dealt  with  here. 
Chdidonic  add,  CyH^O^,  so-called  because  it  is  found  in 
Chdidanium  majus  (greater  celandine),  forms  colourless  salts, 
CyHjOgMj;  it  also  yields  yellow  salts,  C7H207M^,  which  are  derived 
from  an  acid  C^HeO^,  xanthochelidonic  acid;  this  acid,  however, 
when  set  free  from  its  salts,  readily  loses  one  molecule  of  water, 
being  reconverted  into  chelidonic  acid.  By  boiling  with  alkalis, 
the  latter  is  split  up  almost  quantitatively  into  two  molecules  of 
oxalic  acid  and  one  molecule  of  acetone: 

C^H^Oe  +  SH^O  =  2C2HA  -f  C,HeO. 

Oxalic  acid         Acetone 

These  facts  are  explained  by  the  structural  formula 

CO 

Hc/^CH 
HOOCCv /C-COOH 


"V 


Chelidonic  acid 
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in  accordance  with  which  the  acid  can  be  called  pyronedicarooxylic 
acid,    Xanthochelidonic  acid  must  then  have  the  structural  formula 

CO  ,  in  which  the    two   hydroxyl-hydrogen  atoms 

^OOOH 
are  also  replaceable  by  metals;  or,  in  its  tautomeric  form, 

.CHa— COCOOH 
CO 
^CH,— COCOOH 

The  manner  in  which  SHjO  causes  the  above-mentioned  splitting- 
up  is  evident  from  the  equation 

H,      O 
.CH:C-COOH  XM       9--COOH 

CO         \o  +  3H,0  =  CO        +    ^^g 

N3H:(CcOOH  N^H       C-COOH 

Ghettdonio  acid  H,        O 

Moreover,  a  synthesis  of  chelidonic  acid  corroborates  this  for- 
mula. The  starting-point  of  this  is  acetone,  which  by  Claisen's 
method  (203  and  286)  can  be  condensed  with  two  molecules  of 
oxalic  ester: 


I  /CH,     CjHbOOCCOOCjH,        .CH:C<^°J^«^ 

■  CO        +  =  CO  +  2C,H.0H. 

I  ^CH,     CAOOCCOOC3H,      ^CH:C<^jQg^jj 


The  product  is  seen  to  be  an  ester  of  xanthochelidonic  acid.  When 
this  is  heated  with  concentrated  hydrochloric  acid,  two  objects  are 
simultaneously  attained — the  ester  is  saponified,  and  one  molecule 
of  water  split  off.  These  reactions  jrield  a  compound  with  the  struc- 
tural formula  given  above  for  chelidonic  acid,  and  identical  with  it. 
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A  pyrone  derivative  which  has  recently  attracted  attention  is 
dimethylpyrone : 

^CH-CCH, 

CO         No    . 

\3H=CCH, 

It  can  be  synthesized  from  copper  acetoacetic  ester  and  carbon)^ 
chloride  (249): 

CH.CO         COCH,  CHjOO  OOCH, 

1  i  11 

HC— Cu— CH  =-  CuCl,  +     HC\       /OH 

CAOOC   +C1,      COOGA  C,H,OOC  COOCA 

CO 

On  saponification  with  dilute  sulphuric  acid,  two  molecules  of  carbon 
dioxide  are  simultaneously  eliminated  from  the  molecule,  so  that 

CH,CO  CO-CH, 

should  result.    Its  tautomeric  form, 

HO  OH 

/    \ 
CH3C         C-CH, 

II  II      . 

H-C         C-H 

O 

however,  loses  one  molecule  of  water,  jdeldmg  dimethylpyrone. 

Dimethylpyrone  is  characterized  by  the  formation  of  addition- 
products  with  acids,  which  must  be  looked  upon  as  salts.  The?e 
"salts"  are  formed  by  dissolving  dimethylpyrone  in  an  aqueous 
solution  of  hydrochloric  acid,  oxalic  acid,  etc.;  they  are  obtained 
crystalline  by  the  spontaneous  evaporation  of  these  solutions.  By 
dissolving  them  in  a  large  quantity  of  water,  they  are  completely 
hydrolyzed,  so  that  it  is  improbable  that  the  acid  in  them  is  linked 
to  the  carbonyl-group.  Collie  and  Tickle,  the  discoverers  of  these 
compounds,    accordingly   assume  the  tetravalency  of  the    oxygen 
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atom  closing  the  carbon  chain,  thus  attributing  to  dimethylpyrone 

/CH=CCH, 
X  \        H 

hydrochloride  the  structure  CO  y^'^Cl'    '^^^^  ^*^®  named 

\3H=CCH, 
these  compounds  oxonium  salts,  on  account  of  their  analogy  to 
the  ammonium  salts. 

These  compounds  can  be  proved  to  be  true  salts — electrolytes — 
by  various  methods.  It  must  be  remembered  that  an  aqueous  solu- 
tion of  dimethylpyrone  has  a  neutral  reaction  with  litmus,  and  that 
its  electric  conductivity  is  very  small.  Thus,  the  oxonium  base  is 
only  feebly  basic;  its  salts — if  they  really  deserve  this  name — must, 
therefore,  have  the  properties  characteristic  of  the  salts  of  a  weak 
base.  These  properties  can  be  summed  up  in  the  statement  that  in 
aqueous  solution  such  salts  are  hydrolyzed  to  a  high  degree,  or,  in 
other  words,  are  to  a  large  extent  split  up  into  free  acid  and  free  base 
("  Inorganic  Chemistry,"  239).  The  aqueous  solution  of  a  dimethyl- 
pyronium  salt  actually  has  all  the  properties  which  would  be  anti- 
cipated for  the  solution  of  a  highly  hydrolyzed  salt.  In  the  first 
place,  its  solution  has  a  strongly  acid  reaction;  the  oxonium  salt, 
however,  is  partly  present  as  such  in  the  solution,  as  Walden  has 
demonstrated  for  the  picrate  of  dimethylpyrone.  He  compared 
the  quantity  of  picric  acid  extracted  from  its  aqueous  solution  by 
benzene  with  the  quantity  extracted  after  addition  of  dimethyl- 
pyrone to  the  aqueous  solution.  The  latter  proved  to  be  less  in 
amount;  this  must  be  explained  by  assuming  the  partial  formation 
of  a  salt,  whereby  the  quantity  of  free  picric  acid  in  the  solution  is 
diminished  (24). 

Hydrolysis  can  also  be  detected  by  observing  the  depression  of 
the  freezing-point.  When  this  is  determined  for  solutions  of  pure 
hydrochloric  acid  of  different  concentrations,  and  subsequently  after 
addition  of  dimethylpyrone  to  the  acid  solution,  the  depression  of 
the  freezing-point  in  the  latter  c^e  is  less  than  the  sum  of  the  de- 
pressions caused  by  the  hydrochloric  acid  and  by  the  dimethyl- 
pyrone in  their  pure  solutions;  further,  the  difference  between  the 
value  thus  calculated  and  the  value  observed  is  the  smaller  the 
more  the  solutions  are  diluted,  as  the  following  example  shows. 
The  addition  of  3  c.c.  of  normal  hydrochloric  acid  to  10  c.c.  of  water 
caused  a  depression  of  0*846°;  the  addition  of  0*1262  gramme  of 
dimethylpjrrone  to  the  mixture  caused  a  depression  of  0*936°;  the 
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same  quantity  of  dimethylpyrone  dissolved  in  13  c.c.  of  water 
lowered  the  freezing-point  0 '  142**.  The  sum  of  the  depressions  was 
thus  0-846°  +  0-142°  =  0-988°;  the  difference  between  this  and 
the  observed  depression,  0-936°,  was  therefore  0-052°.  When 
1  c.c.  of  hydrochloric  acid  and  the  same  quantity  (0- 1262  gramme) 
of  dimethylpyrone  were  added  to  10  c.c.  of  water,  the  difference  was 
only  0-030°,  which  is  in  complete  agreement  with  the  theory  of 
hydrolytic  dissociation.  The  latter  increases  with  the  dilution;  in 
fact,  a  very  dilute  solution  of  dimethylpyrone  +  hydrochloric  acid 
must  behave  as  though  the  two  substances  were  not  in  combination 
at  all.  Partial  combination  takes  place,  however,  when  the  solution 
is  more  concentrated,  and  this  causes  a  depression  of  the  freezing- 
point  smaDer  than  the  smn  of  the  depressions  observed  separately 
for  each  substance. 

Among  the  other  ways  in  which  the  salts  of  dimethylpyrone 
can  be  proved  to  behave  like  those  of  a  weak  base  may  be  men- 
tioned the  electric  conductivity  method.  It  was  stated  that  a 
solution  of  the  free  base  is  a  very  bad  conductor;  when,  there- 
fore, the  hydrochloride  is  dissolved  in  such  a  large  amount  of 
water  as  to  be  practically  completely  hydrolyzed,  the  conductivity 
of  this  solution  must  be  equal  to  that  of  a  solution  of  pure  hydro- 
chloric acid  of  the  same  molecular  concentration.  But  if  the  solu- 
tion is  not  so  dilute,  an  equilibrimn  is  attained: 

H-  +  CI'  +  C,^fi^Z  [C7H,0,-H]'  +  a'. 

Dünetbylpyrone    Cation  of  dimethyl- 
pyrone 

In  this  case  there  is  not  as  great  a  number  of  free  H-ions,  which  are 
much  more  mobile  than  other  cations,  and  therefore  conduct  the 
current  much  better.  The  conductivity  of  the  solution  must,  there- 
fore, be  smaller  than  that  of  hydrochloric  acid  of  the  same  concen- 
tration, and  must  decrease  as  the  equilibrium  tends  to  the  right- 
hand  side,  that  is,  as  the  solution  becomes  more  concentrated.  This 
has,  in  fact,  been  verified  by  experiment. 

The  power  of  forming  oxonium  salts  does  not  seem  to  be  limited 
to  dimethylpyrone  and  analogous  compounds.  Baeyer  and  Vil- 
LiGER  have  shown  that  compounds  containing  oxygen,  belong- 
ing to  various  classes  of  organic  bodies,  such  as  alcohols,  aldehydes, 
esters,  etc.,  are  able  to  yield  crystalline  compounds  with  complex 
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acids,  such  as  ferrocyanic  acid;  it  is  possible,  though  not  fully 
established,  that  these  are  oxoniiun  salts.  They  also  attempted  to 
obtain  trimethyloxonium  iodide,  (CH8)80-I,  analogous  to  the  tetra- 
alkylammonium  salts,  but  were  unsuccessful.  They  are  of  opinion 
that  Grignard's  ether  compounds  of  alkyl  magnesium  iodides  (82^, 
such  as  CH^Mgl  +  {C^^jd)  must  be  regarded  as  oxonium  deriva- 
tives. 

The  power  of  forming  true  salts  by  the  addition  of  acids  is  espe- 
cially developed  in  the  alkyl-compounds  of  the  elements  of  the  nitro- 
gen group.  Examples  of  this  are  also  known  with  sulphur 
compounds:  an  alkyl  sulphide,  such  as  (02115)28,  can  unite  with  an 
alkyl  iodide  to  form  (C2H5)jSI,  trialkylsulphonium  iodide,  from 
which  the  free  base  can  be  obtained  by  the  action  of  moist  silver 
oxide.  It  remains  to  be  investigated  to  what  extent  elements  of 
other  groups  of  the  periodic  system  are  capable  of  forming  analo- 
gous compounds. 


CTAVOOEH  DISIVATIVS& 


Cyanogen,  CjN,. 

241.  When  mercuric  cyanide,  Hg(CN)j,  is  heated,  it  splits  up 
into  mercury,  and  a  gas,  cyanogen.  At  the  same  time  a  brown, 
amorphous  polymer,  paracyanogen,  (CN)„  is  formed,  which  is  con- 
verted on  heating  to  a  high  temperature  into  cyanogen.  A  better 
method  for  the  preparation  of  the  latter  is  the  interaction  of  solu- 
tions of  potassiimi  cyanide  and  copper  sulphate;  cupric  cyanide  is 
formed,  and  at  once  decomposes  into  cuprous  cyanide  and  cyanogen  : 

4KCN  +  2CUSO4  -  2KjS04  +  Cu,(CN),  +  (CN),. 
This  reaction  is  analogous  to  that  between  potassium  iodide  and  a 
solution  of  copper  sulphate,  in  which  cuprous  iodide  and  free  iodine 
are  formed. 

Cyanogen  is  nearly  related  to  oxalic  acid;  when  ammonium 
oxalate  is  heated  with  a  dehydrating-agent,  such  as  phosphorus 
pentoxide,  cyanogen  is  produced;  inversely,  when  cyanogen  is  dis- 
solved in  hydrochloric  acid,  it  takes  up  four  molecules  of  water, 
with  formation  of  ammonium  oxalate.  These  reactions  prove 
cyanogen  to  be  the  nitrile  of  oxalic  acid,  so  that  its  constitutional 
formula  is  N=C— CsN. 

Cyanogen  is  also  somewhat  analogous  to  the  halogens,  as  is 
indicated  by  the  second  method  of  preparation  given  above.  The 
following  facts  also  support  this  view:  potassium  bums  in  cyanogen 
in  the  same  way  as  in  chlorine,  with  formation  of  potassium  cyanide, 
KCN;  when  cyanogen  is  passed  into  caustic  potash,  potassiiun 
cyanide,  KCN,  and  pota&sium  cyanate,  KCNO,  are  produced,  the 
process  being  analogous  to  the  formation  of  potassium  chloride, 
KCl,  and  potassium  h3rpochlorite,  KCIO,  by  the  action  of  chlorine 
on  caustic  potash  (''Inorganic  Chemistry,"  66).  Silver  cyanide, 
like  silver  chloride,  is  in  consistence  a  cheese-like  substance,  insolu- 
ble in  water  and  dilute  acids,  and  soluble  in  ammonium  hydroxide. 

308 
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At  ordinary  temperatures  cyanogen  is  a  gas  of  pungent  odour, 
its  boiling-point  being  —20-7*^.  It  is  excessively  poisonous.  It  is 
stable  at  high  temperatures,  but  its  aqueous  solution  decomposes 
slowly  at  ordinary  temperatures,  depositing  a  brown,  amorphous, 
flocculent  precipitate  of  azulminic  acid.  Cyanogen  is  inflanunable, 
burning  with  a  peach-blossom  coloured  flame. 

Hydrocyanic  Acid,  HCN. 

242.  The  salts  of  hydrocyanic  acid  ("prussic  acid")  are  formed 
when  carbon,  nitrogen,  and  a  strong  base  are  in  contact  at  a  red 
heat;  for  example,  by  strongly  heating  a  mixture  of  carbon  and 
potassium  carbonate  in  a  stream  of  nitrogen.  Cyanides  are  also 
produced  when  nitrogenous  organic  substances  are  heated  with  an 
alkali  or  alkali-metal  (4).  Ammonium  cyanide  results  when  am- 
monia-gas is  led  over  red-hot  carbon. 

When  sparks  from  an  induction-coil  are  passed  through  a  mix- 
ture of  acetylene  and  nitrogen,  hydrocyanic  acid  is  formed,  and, 
since  acetylene  can  be  obtained  by  direct  synthesis  (133),  this  reac- 
tion furnishes  a  method  of  building  up  hydrocyanic  acid  from  its 
elements.  It  is  usually  prepared  by  heating  potassium  ferrocyanide 
(243)  with  dilute  sulphuric  acid,  anhydrous  hydrocyanic  acid  being 
obtained  by  fractional  distillation  of  th^  aqueous  distillate.  It  is  a 
colourless  liquid  with  an  odour  resembling  that  of  bitter  almonds; 
it  boils  at  26®,  and  in  the  solid  state  melts  at  — 14°. 

When  pure,  hydrocyanic  acid  is  stable,  but  its  aqueous  solution 
decomposes  with  formation  of  brown,  amorphous,  insoluble  sub- 
stances; the  solution  contains  various  compounds,  among  them 
ammonium  formate. 

Like  most  cyanogen  derivatives,  hydrocyanic  acid  is  an  excessively 
dangerous  poison.  The  inhalation  of  hydrogen  peroxide,  or  of  air 
containing  chlorine,  is  employed  as  an  antidote.  Its  toxic  effect  de- 
pends upon  the  degree  of  ionization,  as  it  does  for  the  mercury  com- 
pounds (*'  Inorganic  Chemistry,^^  974),  so  that  it  must  be  the  cyano- 
gen ions  that  exert  the  poisonous  action.  Other  evidence  leads  to  the 
same  conclusion  ;  thus,  potassium  ferrocyanide,  whose  aqueous  solution 
contains  no  cyanogen  ions,  is  non-poisonous. 

Hydrocyanic  acid  must  be  looked  upon  as  the  nitrile  of  formic 
acid:  H-COOH-*  H-CN.  Its  formation  by  the  distillation  of 
ammonium  formate,  and  the  reverse  transformation — referred  to 
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above — of  hydrocyanic  acid  into  ammonium  formate  by  the  taking 
up  of  two  molecules  of  water  favour  this  view,  as  does  also  the 
formation  of  hydrocyanic  acid  when  chloroform,  H-CClj,  is  w^armed 
with  alcoholic  ammonia  and  caustic  potash  (151).  Methylamine 
is  obtained  by  reduction  of  hydrocyanic  acid : 

H.CsN  +  4H  =  H,C-NH,. 

Hydrocyanic  acid  is  one  of  the  weakest  acids,  its  aqueous  solu- 
tion having  but  low  electric  conductivity. 

Hydrocyanic  acid  is  present  in  considerable  amounts  in  certain 
plants;  it  can-  be  obtained  from  a  vegetable  product,  amygdalitis 
OioHaTNOu,  which  is  a  glucoside  (318),  and  is  found  in  bitter  almonds 
and  other  substances.  In  contact  with  water,  amygdalin  is  decom- 
posed by  an  enzyme  (882),  emulsin,  also  present  in  bitter  almonds, 
.  into  benzaldehyde,  hydrocyanic  acid,  and  glucose  : 

CHaTNOu  +  2HaO  =  CHaO  +  HON  +  2C.H„0.. 
Amygdalin  Benzaldehyde  Glucose 

Cyanides. 

243.  The  cyanides  of  the  alkali-metals  and  of  the  alkaline-earth- 
metals,  and  cyanide  of  mercury,  are  soluble;  other  cyanides  are 
insoluble.  All  have  a  great  tendency  to  form  complex  salts,  many 
of  which,  particularly  those  containing  alkali-metals,  are  soluble  in 
water,  and  crystallize  weM.  The  preparation  and  properties  of 
some  of  these  salts  are  described  in  "  Inorganic  Chemistry, "  308. 

Potassium  cyanide,  KCN  (or  KCy),  is  obtained  by  heating 
potassium  ferrocyanide,  K4Fe(CN)e  (or  KJFeCy^),  to  redness: 

K,Fe(CN)«  =  4KCN  +  FeCj  +  N,. 

(The  S3niibol  Cy  is  sometimes  used  to  denote  the  radicle  CN.) 

Potassium  cyanide  is  readily  soluble  in  water,  and  with  difficulty 
in  strong  alcohol ;  it  can  be  fused  without  imdergoing  decomposition . 
The  aqueous  solution  is  unstable;  the  potassium  cyanide  takes  up 
two  molecules  of  water,  slowly  at  ordinary  temperatures  and  quickly 
on  boiling,  with  elimination  of  ammonia,  and  production  of  potas- 
sium formate : 

KCN  +  2H2O  =  HCOOK  +  NH3. 

Potassium  cyanide  always  has  an  odour  of  hydrocyanic  acid,  owing 
to  the  fact  that  it  is  decomposed  by  the  carbon  dioxide  of  the  atmos- 
phere into  this  compound  and  potassium  carbonate. 

The  aqueous  solution  of  potassium  cyanide  has  a  strongly 
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alkaline  reaction,  the  salt  being  partially  hydrolyzed  to  hydro- 
cyanic acid  and  caustic  potash  ("Inorganic  Chemistry/'  239). 
Evidence  of  this  decomposition  is  also  afforded  by  the  possibility 
of  saponifying  esters  with  a  solution  of  potassium  cyanide,  this  fur- 
nishing at  the  same  time  a  method  of  determining  the  extent  of 
the  hydrolytic  decomposition  of  the  salt. 

Potassium  ferrocyanide("  yellowprussiate  of  potash  "),K4Fe(CN)fl, 
crystallizes  in  large,  sulphur-yellow  crystals,  with  three  molecules  of 
water,  which  can  be  driven  off  by  the  application  of  gentle  heat, 
leaving  a  white  powder.  It  has  been  stated  (242)  that  this  sub- 
stance is  not  poisonous.  On  warming  with  dilute  sulphuric  acid  it 
yields  hydrocyanic  acid.  When  heated  with  concentrated  sulphuric 
acid,  carbon  monoxide  is  evolved;  in  presence  of  the  sulphuric 
acid,  the  hydrocyanic  acid  first  formed  takes  up  two  molecules  of 
water,  with  production  of  ammonia  and  formic  acid,  the  latter 
being  immediately  decomposed  by  the  concentrated  sulphuric  acid 
into  carbon  monoxide  and  water  (88).  This  method  is  often  used 
for  the  preparation  of  carbon  monoxide. 

Cyanic  Acid,  HCNO. 

244.  Cyanic  acid  is  obtained  by  heating  its  polymer,  cyanuric 
acid  (247),  and  passing  the  resulting  vapours  through  a  freezing- 
mixture.  It  is  a  colourless  liquid,  stable  below  0*^.  If  the  flask 
containing  it  is  removed  from  the  freezing-mixtin^,  so  that  the  tem- 
perature rises  above  0*^,  vigorous  ebullition  begins,  sometimes 
accompanied  by  loud  reports,  and  the  liquid  is  converted  into  a 
white,  amorphous  solid.  This  transformation  was  first  observed 
by  LiEBiG  and  Wöhler,  by  whom  the  product  was  called  '*  insolu- 
ble cyanuric  acid",  or  cyamelidej  which  is  a  polymer  of  cyanic  acid 
of  imknown  molecular  weight,  (HCNO)x.  It  has,  however,  been 
recently  shown  by  Senier  that  the  transformation-product  con- 
tains only  about  30  per  cent,  of  cyamelide,  the  remainder  being 
cyanuric  acid;  these  can  be  separated  by  treatment  with  water,  in 
which  cyamelide  is  only  very  sparingly  soluble,  and  much  less  so 
than  cyanuric  acid.  Above  0°  an  aqueous  solution  of  cyanic  acid 
changes  rapidly  into  carbon  dioxide  and  ammonia: 

HCNO  +  H3O  =  H,N  +  COj. 

The  constitution  of  cyanic  acid  itself  is  unknown,  but  it  yields 
two  series  of  derivatives  which  may  be  regarded  as  being  respectively 


312  ORGANIC  CHEMISTRY. 

derived  from  normal  cyanic  acid,  C^>^   ,  and  from  isocyamic  add. 

Cyanogen  chloride^  CNCl,  may  be  looked  upon  as  the  chloride  of 
normal  cyanic  acid.  It  is  a  very  poisonous  liquid,  and  boils  at 
15-5°;  it  can  be  obtained  by  the  action  of  chlorine  on  hydrocyanic 
acid,  and  polymerizes  readily  to  cyanuric  chloride,  CjNjCl,.  Cyano- 
gen chloride  is  converted  by  the  action  of  caustic  potash  into  potas- 
sium chloride  and  potassium  cyanate: 

CNCl  +  2K0H  =  CNOK  +  KCl  +  H,0. 

Esters  of  cyanic  add  have  not  been  isolated;  they  are  probably 
formed  in  the  first  instance  by  the  action  of  sodium  alkoxides  upon 
cyanogen  chloride,  since  the  polymer,  cyanuric  ester y  (CNOCjHj),, 
can  be  readily  separated  from  the  reaction-product  (247). 

Esters  of  isocyanic  add,  on  the  other  hand,  are  well  known,  and 
are  obtained  by  the  action  of  an  alkyl  halide  on  silver  cyanate: 


CO:N|Ag  +  IjC^Hs  =  CONC^Hg  +  Agl. 

The  isocyanic  esters  are  volatile  liquids,  with  a  powerful,  stifling 
odour;  they,  too,  polymerize  readily,  yielding  isocyanuric  esters, 
suchas(CONC,H5),(247). 

The  constitution  of  the  isocyanic  esters  follows  from  their  decom- 
position into  carbon  dioxide  and  an  amine,  by  treatment  with  water, 
or  better  with  dilute  alkalis : 

COrNCH,  +  Ufi  =  CO,  +  NH^CH,. 

This  reaction  was  first  applied  by  Wurtz  to  the  preparation  of 
primary  amines,  whereby  they  are  obtained  pure,  and  free  from 
secondary  and  tertiary  amines. 

It  has  been  stated  (104)  that  primary  amines  can  be  obtained  from 
acid  amides  by  the  action  of  bromine  and  caustic  potash.  This  is  more 
economically  effected  by  distilling  a  mixtnre  of  the  acid  amide  and 
bleaching-powder  with  lime-water.  The  mechanism  of  the  reaction 
has  been  investigated  by  Hoogewerff  and  van  Dobp.  The  first  product 
has  been  isolated;  it  is  a  substituted  amide,  with  bromine  in  union  with 
nitrogen  :  R-CONH^-^R.CO.NHBr.  The  hydrogen  of  the  amido- 
group  can  be  replaced  by  metals,  owing  to  the  influence  of  the  acid- 
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reudue,  and  this  replaoement  is  considerably  facilitated  by  the  intro- 
dnction  of  a  Br-atom.  The  caustic  potash  present  caases  the  forma- 
tion of  a  compound,  R-CO-NKBr,  which  is  unstable,  but  can  be 
isolated.  This  potassium  bromamide  readily  undergoes  an  intra- 
molecular transformation,  similar  to  the  Bickmann  transformation 
(IW): 

K— N— Br  K— N— R 

I  changes  to  | 

0=0--R  .     0=0-Br 

Potassium 
bromamide 

This  transformation-product  loses  EBr,  with  formation  of  an  iso- 

N.R 
cyanic  ester,     ||     ,  which  is  decomposed  by  the  water  present  into  a 

00 
primary  amine  and  OOt. 


Thiooyanic  Acid,  HCNS. 

245.  Tkiocyanic  add  (aulphoq^anic  acid)  resembles  cyanic  acid 
in  its  properties,  but  is  much  more  stable  towards  water.  It  can 
be  obtained  by  treatment  of  barium  thiocyanate  with  the  calculated 
proportion  of  dilute  sulphuric  acid.  When  the  solution  is  fraction- 
ated under  diminished  pressure,  and  the  vapour  pas^d  over  calcium 
chloride  to  free  it  from  water,  into  a  vessel  cooled  by  a  freezing- 
mixture,  the  anhydrous  acid  is  obtained  in  the  form  of  a  very  vola- 
tile, pungent-smelling  liquid,  which  changes  quickly  to  a  solid 
polymer  after  removal  from  the  freezing-mixture.  When  warmed 
with  dilute  sulphuric  acid,  thiocyanic  acid  takes  up  one  molecule 
of  water,  and  decomposes  similarly  to  cyanic  acid  (244),  with 
production  of  carbon  oxysulphide,  COS,  instead  of  CO,: 

HCNS  -h  HjO  =  H,N  +  COS. 

PotaaHum  thiocyanate  is  obtained  by  boiling  a  solution  of  potassium 
cyanide  with  sulphur.  Among  other  applications  it  is  used  in  Vol- 
HARD*s  method  of  silver-titration.  When  silver  nitrate  is  added  to  a 
solution  of  potassium  thiocyanate,  silver  thiocyanate^  AgCNS,  is  de- 
posited in  the  form  of  a  white,  cheese-like  precipitate,  insoluble  in  dilnto 
mineral  acids.  Ferric  thiocyanate^  Fe(CNS)s,  has  a  dark  blood-red 
colour  ;  its  formation  is  used  as  a  test  for  ferric  salts.  The  red  colour 
is  due  to  the  non-ionized  molecules  Fe(ONS)s,  since  neither  the  ferric 
ion  nor  the  thiocyanic  ion  are  coloured  in  solution,  and  the  colour 
is  intensified  if  ionization  is  diminished,  for  example,  by'the  addition 
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of  more  of  the  ferric  salt  or  of  the  thiocyanate.  The  red  colour  is  re- 
moved by  shaking  up  with  ether,  whereas  ions  cannot  be  extracted 
by  this  means.  Mercury  thipcyanate  has  the  property  of  swelling  up 
when  decomposed  by  heat  (**  Pharaoh^s  serpents  "). 

The  constitution  of  thioeyanic  acid,  like  that  of  cyanic  acid,  is 
unknown,  and  it  resembles  the  latter  in  giving  rise  to  two  series  of 

esters,  the  thioeyanic  eaters,  C^-J    ,  and  the  iaothioq/anic  esters, 

Thioeyanic  esters  are  obtained  by  the  action  of  alkyl  iodides 
upon  the  salts  of  thioeyanic  acid: 


CN>S|K  +  IICaH,  =  CN.SCjHj  +  KI. 

They  are  liquids,  insoluble  in  water,  and  characterized  by  a  leek- 
like odour.  That  the  alkyl-group  in  these  compounds  is  in  union 
with  sulphur  is  proved  by  the  nature  of  the  products  obtained  both 
by  reduction  and  oxidation.  Reduction  yields  mercaptans  and 
hydrocyanic  acid,  methylamine  being  obtained  from  the  latter  by 
further  reduction: 

CNSCjHs  +  2H  =  CNH  +  HS-CjEj. 

Alkyl-sulphonic  acids,  such  as  CjHj-SOjOH  (68),  are  obtamed  by 
oxidation. 

Under  the  influence  of  heat  the  thioeyanic  esters  are  trans- 
formed into  isothiocyanic  esters;  thus,  distillation  of  allyl  thio- 
cyanate, CN  •  SCjHg,  brings  about  this  change. 

The  isothiocyanic  esters  are  also  called  mustard-oils ,  after  allyl 

isothiocyanate,  to  which  the  odour  and  taste  of  mustard-seeds  are 

due.    The  following  reactions  prove  that  these  compounds  contain 

an  alkyl-group  in  union  with  nitrogen,  and  have  the  constitution 

/N*  R 
Cf  ^      .    When  treated  with  concentrated   sulphuric  acid,  they 

take  up  water,  yielding  a  primary  amine  and  carbon  oxysulphide: 

R-N:CS  +  H^O  =  R-NH,  +  COS. 

They  are  converted  by  reduction  into  a  primary  amine  and  trithio- 
methylene,  (CH3S)8,  the  latter  probably  resulting  from  the  polymeri- 


FULMimC  ACID.  315 

zation  of  the  thiomethylene,  CH^S,  first  formed,  which  is  unknown 
in  the  free  state: 

RNiCS  +  4H  =  RNH,  +  CH^S. 

Addition-products  of  the  mustardnDils  will  be  described  later  (264 
and  255). 

Cyanamide,  CN-NH,,  is  obtained  in  various  reactions;  for  in- 
stance, by  the  action  of  ammonia  upon  cyanogen  chloride;  it  is  a 
crystalline,  hygroscopic  solid,  and  polymerizes  readily.  Its  hydrogen 
atoms  can  be  replaced  by  metals;  for  example,  silver  yields  aüver 
cyanamide,  CN-NAg,,  which  is  yellow,  and  insoluble  in  dilute 
ammonium  hydroxide,  wherein  it  differs  from  the  majority  of  silver 
compounds. 

Fnlminic  AcidL 

846.  Salts  of  /ulminic  acid  are  obtained  by  the  interaction  of 
mercury  or  silver,  nitric  acid,  and  alcohol,  in  certain  proportions. 
The  best  known  of  these  is  mercury  fulminate^  HgO«N«0«,  which  is 
prepared  on  a  large  scale,  and  employed  for  filling  percussion  caps, 
and  for  other  purposes.  It  has  been  mentioned  (881)  that  guncotton 
can  be  exploded  by  the  detonation  of  a  small  quantity  of  this  sub- 
stance ;  and  it  produces  the  same  result  with  other  explosives,  so  that 
the  so-called  **  fulminating  mercury  *'  plays  an  important  part  in  their 
application. 

Silver  fulminate,  Ag(CNO),  is  much  more  explosive  than  the  mer- 
cury salt,  and  hence  is  not  employed  technically.  The  explosion  of 
these  salts  has  a  brisant,  though  only  local,  effect ;  this  enabled 
Howard,  the  discoverer  of  mercury  fulminate,  to  explode  a  small 
quantity  in  a  balloon  without  injury  to  the  latter,  the  only  effect  being 
to  shatter  the  leaden  shells  containing  the  explosive. 

Free  fulminic  acid  is  a  very  unstable,  volatile  substance  ;  it  has  an 
odour  resembling  that  of  hydrocyanic  acid,  and  is  excessively  poi- 
sonous. 

According  to  Nef,  the  formula  of  fulminic  acid  is  G=N*OH,  con- 
taining a  divalent  carbon  atom;  when  mercury  fulminate  is  treated 
with  acetyl  chloride,  a  compound  of  the  formula  OH» -00(0X0)  is  ob- 
tained. In  presence  of  hydrochloric  acid  the  fulminate  takes  up  water, 
with  formation  of  hydroxylamine  and  formic  acid.  It  is  converted  by 
bromine  into  a  compound,  Br«OtNtOs,  with  the  constitutional  formula 

Br— C=N-0 

I  I. 

Br— C=N-0 
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Cyanurio  Aoid  and  Iiocyaniirio  Aoid. 

247.  Cyanuric  bromide,  CgNjBr,,  is  obtained  by  heating  potas- 
sium ferricyanide  with  bromine  at  220®.  By  heating  with  water, 
the  bromide  is  converted  into  cyanuric  acid,  (CNOH),.  "ïhe  latter, 
however,  is  usually  prepared  by  the  action  of  heat  on  urea  (258). 
Two  series  of  esters  are  derived  from  this  acid,  the  normal  and  the 
üocyanuric  esters,  the  former  being  called  "  Oesters,"  and  the  latter 
"N-esters." 

The  normal  cyanuric  esters  are  obtained  by  the  action  of  sodium 
alkoxides  on  cyanuric  chloride  or  bromide.  The  formation  of 
alcohol  and  cyanuric  acid  on  saponification  proves  the  alkyl-group 
in  these  esters  to  be  in  union  with  oxygen;  for  this  reason  constitu- 
tional formula  I  is  assigned  to  them. 

N"  N.R 


I.    ^   '^        II. 


RNv     ,NR 

^  CO 

OR 

The  isocyanuric  esters  result  when  silver  cyanurate  is  heated 
with  an  alkyl  iodide.  Their  alkyl-group  is  linked  to  nitrogen,  since^ 
on  boiling  with  alkali,  they  yield  a  primary  amine  and  carbon  di- 
oxide, a  decomposition  accoimted  for  in  constitutional  formula  II. 
The  0-esters  are  formed  when  an  alkyl  iodide  reacts  with  silver 
cyanurate  at  ordinary  temperatures,  but  their  conversion  into  the 
N-esters  when  heated  explains  the  difference  in  the  products  ob- 
tained at  ordinary  and  at  elevated  temperatures. 

Klason  has  suggested  that  cyamelide  (244)  is  isocyanuric  acid, 
and  is  related  to  the  isocyanuric  esters  in  the  same  way  as  cyanuric 
acid  is  related  to  the  normal  cyanuric  esters.  The  formation  of 
cyanuric  chloride  by  the  action  of  phosphorus  pentachloride  on 
the  normal  esters  and  normal  cyanuric  acid  and  the  fact  that  the 
iso-esters,  and,  as  Senier  has  recently  shown,  cyamelide,  do  not 
yield  chlorides  under  this  treatment,  support  this  view. 

Important  evidence  in  favour  of  the  imino-formula  for  cyanuric 
acid  has  been  furnished  by  Chattaway  and  Wadmore,  who  have 
succeeded  in  replacing  the  metal  in  potassium  cyanurate  by 
chlorine.    They  regard  the  compound  formed  as  (O :  C :  N  •  CI),. 


DSSIYATIVES  OF  CABBOHIC  ACID. 

248.  Carbonic  acid,  HjCOj  or  (X)(0H)3,  is  not  known  in  the  fre« 
state,  but  is  supposed  to  exist  in  the  sohition  of  carbon  dioxide  in 
water;  it  decomposes  very  readily  into  its  anhydride,  carbon  di- 
oxide, and  water.  It  is  dibasic,  and  is  generally  described,  with  its 
salts,  in  inorganic  chemistry  ("  Inorganic  Chemistry,''  184).  Some 
of  its  organic  derivatives  are  dealt  with  in  this  section.* 

Carbon^l  Chloride,  COGl,. 

249.  Carbonyl  chloride  (phosgene)  is  obtained  by  the  action  of 
chlorine  on  carbon  monoxide.  It  was  called  phosgene  by  Sir 
Humphry  Davt,  under  the  impression  that  its  formation  by  this 
means  can  only  take  place  in  presence  of  sunlight,  a  view  since 
proved  to  be  incorrect.  Carbonyl  chloride  is  a  gas  with  a  powerful, 
stifling  odour;  its  solution  in  benzene,  in  which  it  is  readily  solu- 
ble, is  a  commercial  product.  It  is  employed  in  syntheses,  both 
in  the  laboratory  and  in  the  arts. 

The  reactions  of  carbonyl  chloride  indicate  that  it  is  the  chloride 
of  carbonic  acid.  It  is  slowly  decomposed  by  water,  yielding  hydro- 
chloric acid  and  carbon  dioxide.  With  alcohol  at  ordinary  tem- 
perattires  it  first  forms  chlorocarbonic  ester: 

y|CÏ      H|(3C,H5         yOCaU 
CO      +  -►(X) 

\ci  \ci 

By  more  prolonged  treatment  with  alcohol,  and  also  by  the  action 
of  sodiimi  alkoxide,  carbonic  ester,  CO(OC2H5)2,  is  produced.  By 
the  action  of  ammonia,  the  two  Cl-atoms  in  carbonyl  chloride  can 
be  replaced  by  amido-groups,  with  formation  of  the  amide  of  car- 
bonic acid,  urea,  CO(NH2)2  (252).  All  these  reactions  are  charac- 
teristic of  acid  chlorides. 

The  chlorocarbonic  esters,  also  called  chlorofarmic  esters^  are  col- 
ourless liquids  of  strong  odour,  and  distil  without  decomposition.  Tbey 
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are  employed  for  the   introduction  of  the  group  — OOOOsH»  into 
compounds  (940). 

The  carbonic  esters  are  also  liquids,  but  are  characterised  by  the 
possession  of  an  ethereal  odour  ;  they  are  insoluble  in  water,  and  are 
very  readily  saponified. 

Carbon  Disnlphide,  CS,. 

260.  Carbon  distdphide  is  manufactured  S3mthetically  bypassing 
sulphur-vapour  over  red-hot  carbon.  The  crude  product  has  a  very 
disagreeable  odour,  which  can  be  removed  by  distilling  from  fat,  the 
pure  product  being  an  almost  colourless,  highly  refractive  liquid  of 
ethereal  odour.  It  is  insoluble  in  water,  boils  at  46*^,  and  has  a 
specific  gravity  of  1-262  at  20®.  Carbon  disulphide  is  poisonous, 
and,  as  it  is  highly  inflammable,  must  be  handled  with  great  care. 
It  is  an  excellent  solvent  for  fats  and  oils,  and  finds  extensive  appli- 
cation in  the  extraction  of  these  from  seeds.  It  is  also  employed 
in  the  process  of  vulcanizing  indianibber. 

Carbon  disulphide  is  a  stable  compound,  and  resists  the  action 
of  heat,  although  it  is  an  endothermic  substance  (*' Inorganic 
Chemistry,"  119).  It  is,  however,  possible  to  make  its  vapour 
explode  by  means  of  mercury  fulminate.  The  halogens  have  little 
action  on  it  at  ordinary  tempteratures,  but  in  presence  of  a  halogen- 
carrier  chlorine  and  bromine  can  effect  substitution,  with  produc- 
tion of  carbon. tetrachloride  and  tetrabromide  respectively. 

Carbon  disulphide,  like  carbon  dioxide,  is  the  anhydride  of  an 
acid,  or  an  anhydrosulphide.  With  alkali-sulphides  it  yields  tri- 
thiocarbonates: 

BaS  +  CSj  =  BaCS,. 

Barium 
trlthlocarbonate 

This  barium  salt  is  yellow,  and  dissolves  in  cold  water  with  difficulty. 
By  the  addition  of  dilute  acids  to  its  salts,  free  trithiocarbonic  add, 
HjCS,,  can  be  obtained  in  the  form  of  an  oil  which  decomposes 
readily.  The  potassium  salt  is  employed  in  the  destruction  of 
vine-lice. 

The  potassium  salt  of  xanthic  add  is  formed  by  the  action  of 
potassium  ethoxide  on  carbon  disulphide: 

CS,  +  KOCjH,  =  CS 


CARBON  OXYSULPHIDE  AND  UREA.  3^9 

This  5s  effected  by  shaking  up  carbon  disulphide  with  a  solution  of 
caustic  potash  in  absolute  alcohol,  when  potassium  xanthate  sepa- 
rates in  the  form  of  yellow,  glittering  needles.  Free  xanthic  acid 
b  verj»^  unstable;  it  owes  its  name  (Savdós,  yellow)  to  its  cuprous 
salt,  which  has  a  yellow  colour,  and  results  from  the  spontaneous 
transformation  of  the  brownish-black  cupric  salt,  precipitated  from 
a  solution  of  copper  sulphate  by  the  addition  of  a  xanthate. 

Carbon  Oxysnlphide,  COS. 

251.  Carbon  oxysulphide  is  a  coloiu*less,  odourless,  inflammable 
gas,  and  is  obtained  by  the  action  of  sulphuretted  hydrogen  on 
isocyanic  esters: 

2CO.NC2H,  +  HjS  =  COS  +  COCNHCjHj)^. 

Mention  has  been  made  (246)  of  its  formation  from  isothiocyanic 
esters.  It  is  also  produced  when  a  mixture  of  carbon  monoxide 
and  sulphur-vapour  is  passed  through  a  tube  at  a  moderate  heat. 

Carbon  oxysulphide  can  also  be  obtained  by  a  remarkable  reaction ; 
when  carbon-disulphide  vapour  is  passed  orer  red-bot  kaolin  (alumi- 
nium silicate),  which  plays  the  part  of  an  oxidizing-agent,  one  S-atom 
of  the  CSt  is  replaced  by  oxygen,  and  silicon  disulphide,  SiSt,  simul- 
taneously formed. 

Carbon  oxysulphide  is  but  slowly  absorbed  by  alkalis.  It  yields 
salts  with  metallic  alkoxides;  these  may  be  looked  upon  as  derived 
from  carbonates  by  simultaneous  exchange  of  oxygen  for  sulphur: 

/OCjHj 
COS  +  CjHsOK  =  CO 

\SK 

Urea,  CO<55^. 

262.  Urea  owes  its  name  to  its  occurrence  in  urine,  as  the  final 
decomposition-product  of  the  albumins  in  the  body. 

An  adult  excretes  about  1500  grammes  of  urine,  containing  ap- 
proximately 2  per  cent,  of  urea,  in  twenty-four  hours,  so  that  the 
daily  production  of  this  substance  amounts  to  about  80  grammes.  To 
obtain  urea  from  urine,  the  latter  is  first  concentrated  by  evapora- 
tion, after  which  nitric  acid  is  added ;  urea  nitrate,  CO(NH«)«  •  HNOt, 
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(858)  is  precipitated,  and,  on  account  of  impurities,  bas  a  yellow  colour. 
These  colouring-matters  are  removed  by  dissolving  the  precipitate  in 
water  and  oxidizing  them  with  potassium  permanganate.  The  urea 
is  set  free  from  the  solution  of  the  nitrate  by  treatment  with  barium 
carbonate: 

aCON.H^.BTNO.  +  BaCO,  =  2G0N.H«  +  Ba(NO.).  +  H.0  +  CO.. 
üreaoitnte 

On  evaporation  to  dryness,  a  mixture  of  urea  and  barium  nitrate  is 
obtained  from  which  the  organic  compound  can  be  separated  by  solu- 
tion in  strong  alcohol. 

It  has  been  stated  (249)  that  urea  is  to  be  looked  on  as  the  amide 
of  carbonic  acid,  on  account  of  its  formation  from  the  chloride  of 
this  acid,  carbonyl  chloride,  COClj,  this  reaction  proving  its  consti- 
tution: 


/|C1 H|NH,         yNHj 

00      4-  =00        +  2Ha 

\|C1 H|NH,        \NH, 


OwboDjI  chloride  urea 

A  confirmation  of  this  view  of  the  constitution  of  urea  is  its  forma- 
tion by  the  action  of  ammonia  on  carbonic  ester. 

Urea  is  formed  by  addition  of  ammonia  to  isocyanic  acid: 


0<NH  +  NH3==do''''\ 
^O  \NIL 


Anmionium  isocyanate  dissolved  in  water  is  transformed  into  urea 
on  evaporation  of  the  solution.  This  is  the  method  by  which 
WÖHLER  effected  his  classic  S3mthesis  of  urea  (1). 

This  reaction,  which  has  an  important  bearing  upon  the  history  of 
organic  chemistry,  has  been  studied  in  detail  by  Jambs  Walker  and 
Hamblt.  Their  researches  have  shown  that  the  reverse  transforma- 
tion of  urea  into  ammonium  isocyanate  occurs  also,  since,  on  addition 
of  silver  nitrate,  a  solution  of  pure  urea  in  boiling  water  yields  a  pre- 
cipitate of  silver  cyanate.    An  equilibrium  is  attained : 

00(NH.).;:1CON-NH4. 

TTn.*.  Ammonium 

^"*  irocyanate 

When  this  is  reached,  the  solution  only  contains  a  very  small  percen- 
tage of  isocyanate.  It  is  almost  independent  of  the  temperature, 
proving  that  the  transformation  of  the  systems  into  one  another  Is 
accompanied  by  but  slight  calorific  effect  (100). 
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The  following  is  a  proof  that  the  formation  of  urea  is  occasioned  bj 
the  interaction  of  NHi-ions  and  0ON*ion8«  The  reaction  would  be 
unimolecular  if  it  were  caused  by  molecules  of  ammonium  isocyanate, 
Hnd  if  it  were,  on  the  other  hand,  a  reaction  between  ions,  the  velocity 
equation  for  bimolecular  reactions  (101)  would  npply  ('*  Inorganic 
Chemistry,"  61),  as  is  actually  the  case..  It  has  also  Ix^en  obeerved 
that  addition  of  both  ammonium  sulphate  (NHt-ioiid)  and  potassium 
isocyanate  (CKO-ions)  accelerates  the  transformation  into  urea  by  an 
amount  equal  to  that  deduced  from  the  increase  in  concentration  of 
the  ions. 

253.  It  was  mentioned  (t44)  that  isocyanic  esters  are  decom- 
posed by  water,  with  formation  of  primary  amines  and  carbon 
dioxide.  If  the  primary  amine  formed  is  brought  into  contact  with 
a  second  molecule  of  isocyanic  ester,  addition  takes  place,  with  pro- 
duction of  a  iymmeirical  dialkyl-varea  : 

/NHR 
CO:NR  +  H,NR'-00 

\NHR' 

This  is  a  general  method  for  preparing  S3rmmetrical  dialkyl-ureas. 

A  fmmMUcyUuna  is  obtained  by  the  action  of  ammonia,  instead  of 
an  amine,  upon  an  isocyanic  ester. 

/NRR 
Unsymmetriodl  dialkyl-ureas,  CO  ,  are  prepared  by  the  action 

of  isocyanic  acid  on  secondary  amines ;  the  method  of  procedure  is 
analogous  to  that  employed  in  Wohler^s  synthesis  of  urea,  and  consists 
in  warming  a  solution  of  the  isocyanate  of  a  secondary  amine : 

/NRR' 
CONH.NHRR'  =  CO 

The  nnsymmetrical  dialkyl-ureas  are  converted  by  treatment  with 
absolute  (lOOjt)  nitric  acid  into  nitro-componnds.  which  were  dis- 
coYered  by  Franchimont,  and  are  called  nitramines  : 

(CH.),N. 
+  N0,. 

Urea  crystallizes  in  elongated  prisms,  the  crystals  resembling 
those  of  potassium  nitrate;  they  are  very  soluble  in  water,  and 
melt  at  132^.  Like  the  amines,  urea  forms  salts  by  addition  of  one 
molecule  of  a  monobasic  acid:  of  these  the  nitrate,  C0N,H4*HN0„ 


^^^»-.(CH.).N.NO.. 
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and  the  atoLaUj  2CX)N2H4'C2H304,  dissolve  with  difficulty  in  solu- 
tions of  the  corresponding  acids. 

In  some  of  its  reactions,  particularly  in  certain  condensation- 


processes,   urea   behaves    as  though  it  had    the  structure  C — OH. 

\NHÏ 
An  ether  of  this  isaurea  is  obtained  by  addition  of  methyl  alcohol  to 
cyanamide,  the  reaction  being  facilitated .  by  the  presence  of  hydro- 
chloric acid  : 

^N  /OCH. 

0         +  HOOH.  =  C=NH  • 

\NH,  \nh, 

Cyanamide  MeUiylisdurea  >  • 

This  method  of  formation  indicates  the  constitution  of  the  com- 
pound, which  can  also  be  deduced  in  other  ways,  such  as  the  production 
of  methyl  chloride  on  heatiug  with  hydrochloric  acid,  which,  indicates 
that  the  OHi-group  is  not  in  union  with  nitrogen,  since  under  this 

/NH, 
treatment  methylurea,  00  ,  splits  off  methylamine,  CH$-NH,. 

\nhoh. 

When  heated,  urea  melts;  it  then  begins  to  evolve  a  gas,  con- 
sisting principally  of  ammonia,  but  also  containing  carbon  dioxide: 
after  a  time  the  residue  solidifies.  The  following  reactions  take 
place. 

Two  molecules  of  urea  lose  one  molecjule  of  ammonia,  \^ïth  pro- 
duction of  biuret :. 
/NH,      H,N 

CO )>C0  =  NHjCO-NH-CO-NH,  +  NH,. 

\|NH,H|  HN'''^  »'"«' 

This  is  a  crystalline  subetance  whicli  melts  at  190%  and  gives  a 
obaracteristio  red  colouration  when  copper  sulphate  and  caustic  potash 
are  added  to  its  aqueous  solution. 

On  further  heating,  biuret  unites  with  a  molecule  of  unaltered 
urea,  with  elimination  of  ammonia,  and  formation  of  cyanuric 
acid  (247): 

NH 
/\ 

IH]nh-cx)nh-conh1h|    OC  CO 
— WTÖT  m  ~rmj —    '  =  — L    i„,  +  -^^  ^•• 


Ey^CO^NH,  HN   NH 

V 


>^ 
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Like  the  acid  amides,  when  heated  with  bases  urea  decomposes, 
yielding  carbon  dioxide  and  ammonia. 

The  quantitative  estimation  of  urea  in  urine  is  an  operation  of 
considerable  importance  in  physiological  chemistry,  and, is  effected  by 
different  methods.  Bunsin*b  process  depends  upon  the  decomposition 
of  urea  into  carbon  dioxide  and  ammonia,  on  heating  with  an  am* 
moniacal  solution  of  baryta ;  the  carbon  dioxide  is  thus  converted  into 
barium  carbonate,  which  can  be  collected  and  weighed.  In  Knop's 
method  the  nitrogen  is  quantitatively  set  free  by  treatment  of  the  urea 
solution  with  one  of  caustic  potash  and  bromine  (German,  Bromlauge), 
in  which  potassium  hy'pobromite  is  present ;  the  quantity  of  urea  can 
be  calculated  from  the  volume  of  nitrogen  liberated.  Liebio's  titration- 
method  is  based  upon  the  formation  of  a  white  precipitate  of  the  com- 
position 2OONtH4-Hg(KO0s*8HgO,  when  mercuric  nitrate  solution  is 
run  into  a  dilute  solution  of  urea  (of  about  3  per  cent,  concentration). 
When  excess  of  the  mercury  salt  has  been  added,  a  drop  of  the  liquid 
brought  into  contact  with  a  solution  of  sodium  carbonate  gives  a  yellow 
precipitate  of  basic  nitrate  of  mercury.  Urine  contains  substances 
which  interfere  with  these  methods  of  estimation  ;  an  account  of  the 
mode  of  procedure  by  which  the  correct  percentage  of  urea  can  be  as- 
certained will  be  found  in  text-books  of  physiological  chemistry. 

Potassium  cyanate  and  hydrazine  hydrate,  HsN-NHa  +  HiO,  react 
together,  with  formation  of  semicarhazide^  NHi-CO-NH-NH,,  a  base 
which  melts  at  96*",  and  combines  with  aldehydes  and  ketones  similarly 
to  hydroxylamine : 

Ri.C|0  +  H,|N  NH.CO-KH,-»R.-C;t^»NH.0O»yH.» 

The  compounds  thus  formed  are  called  aemicarbazonea ;  they  some- 
times crystallize  well,  and  are  employed  in  the  identification  and 
separation  of  aldehydes  and  ketones. 

Deriyatiyes  of  Garbamic  Acid. 

254.  Carbamic  add,  NH,*CO*OH,  which  is  the  semi-amide  of 
carbonic  acid,  is  not  known  in  the  free  state,  but  only  as  salts,  esters, 
and  chloride.  The  ammonium  salt  is  formed  by  the  union  of  dry 
carbon  dioxide  wiih  dry  ammonia: 

/OH  /OHNH, 

CO,  +  NH,  «  C=0     ;  +  NH,  =  C=0 
\nh,  ^NH, 

Ammooium  carbamate 

No  precipitate  is  formed  when  carbon  dioxide  is  passed  into  an 
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ammoniacal  solution  of  calcium  chloride,  since  the  resulting  calcium 

/Oca* 
carbamate  f  CO        ,  is  soluble  in  water. 
\NHa 
When  the  salts  of  earbamic  ^cld  are  heated  in  solution,  they 
readily  take  up  water,  forming  carbonates. 

The  esterA  of  earbamic  add  are  called  urethanes.  They  are 
formed  by  the  action  of  ammonia  or  amines  upon  the  esters  of 
carbonic  acid  or  chlorocarbonic  acid; 


^^ 


H,  +  HNH»       /NH, 

=  CO  +  CAOH; 


\OCA  \OC,H, 

Bfehyl  oarbonate  Urethana 

/;aTH|NH,        /NH, 

CO  -»co 

\OC,H,  \0C^, 

Ethyl  ctalorocarbonate 

Urethanes  also  result  from  the  action  of  alcohol  upon  isocyanuric 
esters! 


<o  /OCA 

+  HOC,H.  -  fcO 
NCH.  \nHCH. 


Urethanes  are  «also  obtained  by  boiling  acid  azides   (106)  with 
alcohol : 

ROON,  +  C,H,OH    =  R.NHCOOC,H.+N,. 

Since  the  azides  are  easily  prepared  from  the  corresponding  acids,  and 
the  urethanes  readily  yield  the  corresponding  amines,  the  carbozyl- 
group  can  by  this  means  be  easily  replaced  by  the  amido-group  : 

R.COOH  -♦  R.COOCH.  -♦  RCONHNH,  ->  R-CON,  -> 
Add  Ester  Hydraside  Aside 

-♦  RNHCOOCH,  ^  R.NH,. 

Urethane  Primary 

amine 

Urethanes   distil   without   decomposition;  ordinary   urethane, 
yOCjHj 
CO  ,  melts  at  51°,  and  is  very  readily  soluble  in  water.   When 

*ca  =  iCa. 
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boiled  with  bases,  it  decomposes  into  alcohol,  carbon  dioxide,  and 
ammonia. 

Corresponding  sulphur  derivatlTes  can  be  prepared  by  analogous 
methods ;  carbon  disulphide  and  alcoholic  ammonia  yield  ammonium 
dithiooarbamate : 

/NH, 
08.  +  2NH,  =  OS 

\S.NH4 

This  salt  is  tumtable,  and  on  treatment  with  more  ammonia  readily 
loses  snlphoretted  lydrogen,  forming  amfnanium  ihiocffanaU : 

^NH|H     ^  gjjH^  =  CS:N.NH4  +  S(NH4).. 

Ammonium  Ammonium 

dlthlocftrbamate  thiocyanate 

Primary  amines  also  add  on  CSt,  in  a  manner  analogous  to  ammonia: 

C8,  +  2NH,R  =^8 

NSH.NH.R 

In  presence  of  mercnrio  or  ferric  chloride,  these  substituted  dithiocar- 
bamates  also  lose  sulphuretted  hydrogen  readily,  yielding  mtuiard' 
oils  (M5) : 


/NiH 

08/ 

NSH 


R 

-♦  08NR. 
NH.R 


This  reaction  is  used  as  a  test  for  primary  amines,  since  traces  of  the 
mustard-oils  can  be  readily  detected  by  their  characteristic  odour. 

^  Thiourea,  CS{NH,),. 

Sftft.  Ammonium  iso^^iocyanate  yields  thiourea  in  a  manner  anal- 
ogous to  the  formation  of  urea  from  ammonium  isocyanate  (268).  The 
transformation  of  the  thio-compound  can  in  this  instance  be  effected 
by  beating  it  in  the  dry  state,  but  is  no  more  complete  than  that  of 
ammonium  cyanate,  since  thiourea  is  converted  by  heat  into  ammo- 
nium isothiocyanate.  Alkyl-deriyatiyes  of  thiourea  result  from  addi- 
tion of  ammonia  or  amines  to  the  mustard-oils,  the  reaction  being 
similar  to  the  formation  of  alkyl-substituted  ureas  from  isocyanic 
esters  (loc,  ait,). 

These  modes  of  formation  prove  that  the  constitution  of  thiourea 
is  expressed  by  the  formula  OS(NHa)t,  being  similar  to  that  of  urea. 
Derivatives  of  thiourea  are  also  known,  however,  which  indicate  the 
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/NH, 
existence  of  a  tautomeric  form  C— SH    (868);  thiu,  on  addition  of  an 

alkyl  iodide,  compoands  are  obtained  in  accordance  with  the  equation 

C^lH  +    lICH.  =  /o^SCH.  jm- 
Nil \  ^NH.   / 

The  alkyl-group  in  this  compound  is  in  union  with  sulphur;  for  it 
decomposes  with  formation  of  mercaptan,  and  on  oxidation  yields  a 
sulphonic  acid. 

Thiourea  forms  well-defined  crystals,  melting  at  172*",  and  readily 
soluble  in  water,  but  with  great  difficulty  in  alcohoL  On  treatment 
with  mercuric  oxide,  it  loses  sulphuretted  hydrogen,  forming  cyan- 
amide: 

OlS        =C/         +H,S. 

Guanidine,  CNsHe. 

266.  Guanidine  is  formed  by  the  interaction  of  ammonia  and 
orthocarbonic  esters  or  chloropicrin  (161).  This  probably  takes 
place  through  addition  of  four  amido-groups  to  the  carbon  atom, 
the  compound  formed  then  losing  one  molecule  of  ammonia : 

/NH, 
C(OQH,),  -^  C(NH,).;  -  NH,  ^  C^NH . 

Orthocarbonic  ester  \NH2 

Guanidine 

This  method  of  preparing  guanidine  proves  it  to  have  the  constitu- 
tional formula  indicated,  a  view  which  finds  support  fci  the  synthesis 
of  this  compound  from  ammonia  and  cyanamide  effected  by  heating 
the  latter  with  an  alcoholic  solution  of  ammonium  chloride : 

^N  /  /NHA 

C<  +  NH,Cl  =  (C=NH  jHa. 

\nh,  V  \nh,/ 

Guanidine  is  generally  prepared  by  heating  ammonium  thiocyanate 
at  180°- 185°,  when  it  is  obtained  in  the  form  of  guanidine  thiocya- 
nate, the  reaction  taking  place  in  stages: 

SCNH  •  NH,  -  CS(NH,),  -  H,N  •  CN. 

Ammonium  thiocyanate     Thiourea  Cyanamide 
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The  cyanamide  unites  with  a  molecule  of  the  imaltered  ammonium 
thiocyanate: 

CC         +  NH.HCNS  =  ((é=NH    HCNS. 
>NH,  \  \NH,/ 

GiianfdlDe  ihfocyanate 

Guanidine  is  a  colourless,  crystalline  substance,  and  readily 
absorbs  moisture  and  carbon  dioxide  from  the  atmosphere.  It  is 
a  strong  base,  unlike  urea,  which  has  a  neutral  reaction:  the 
strengthening  of  the  basic  character,  occasioned  by  exchange  of 
carbonyl-oxygen  for  an  amido-group,  is  worthy  of  notice.  Guani- 
dine yields  many  well-defined,  crystalline  salts. 
/NHNO, 

Nitrogiuinidine,  C=:NH         ,  is  obtained  by  the  action  of  fum- 

\NH, 

ing  nitric  acid  upon  guanidine;  when  the  solution  in  the  strong 

acid  is  poured  into  water,  the  slight  solubility  of  the  nitroguanidine 

causes  its  precipitation.    On  reduction,  it  yields  aminoguanidiney 

/NHNH3 
C=NH         ,  which,  on  boiling  with  dilute  acids  or  aHcalis,  decom- 

\NHa 
poses  with  formation  of  carbon  dioxide,  ammonia,  and  diamide  or 
hydrazine,  HjN  •  NH,  (*'  Inorganic  Chemistry,"  114),  a  reaction  which 
proves  the  constitution  of  nitroguanidine  and  aminoguanidine. 

An  important  derivative  of  guanidine  is  arginine,  C^Hj^N^O,, 
obtained  from  proteid  compounds.  It  can  be  sjoithesized  by  the 
action  of  cyanamide  on  ornithine  (200) : 

C(X)H-CH(NH3)-(CH3),-NH,  +  CN^H,  - 

Ornlthioe  Cyanamide 


GOOH  •  CHNH,  •  (CH,)^H 

\C:NH. 

NH, 

Ariciiiliie' 


It  is,  however,  not  quite  certain  whether  the  cyanamide  adds  itself 
to  the  cö-NHj-group,  as  represented  here,  or  to  the  a-NHj-group. 
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267,  Uric  acidf  QH^N^Oj,  derives  its  name  from  its  presence 
in  small  amount  in  urine;  it  is  the  central  point  of  an  important 
group  of  urea  derivatives.  It  is  closely  related  to  the  vrétcUhocids 
and  the  add-wreides  {ure idea)  ^  which  are  amino-acids  and  acid 
amides,  containing  the  urea-residue,  NH^-CO'NH — ,  instead  of  the 
Nllj-group. 

Parabanic  acid,  CjHjNaO,,  may  be  cited  as  one  of  the  acid- 
ureïdes ;  it  is  obtained  by  the  oxidation  of  uric  acid.  When  wanned 
for  a  long  time  with  alkalis,  parabanic  acid  takes  up  two  molecules 
of  water,  forming  urea  and  oxalic  acid,  a  reaction  which  proves  it 
to  be  oxdlylurea: 

yNH        OHH 

do  \  OOOH      ^^ 

I  >C0  +        «    I  +        >00. 

CO    /  COOH      jr/ 

\NH        OHH 

PMabMklo  aokl  (Ozalylarea) 

On  careful  treatment  with  alkalis,  it  takes  up  only  one  molecule  of 
water,  yielding  oxcduric  acid  : 

.NH 
C0\  CO— NHCOrNH, 

CO  /  COOH 

\l^TT  Ozaluric  acid 

+  OHH 

Alloxan,  C4H2N3O4,  is  an  important  decomposition-product  of 
tuic  acid,  from  which  it  is  obtained  by  oxidation  with  nitric  acid ;  it 
can  also  be  prepared  by  other  methods.  It  is  to  be  looked  on  as 
mesoxalylurea,  since,  on  treatment  with  alkalis,  it  takes  up  two 
molecules  of  water,  with  production  of  urea  and  mesoxalic  acid : 

CO ^NH  +  OHH      CO. OH      NH, 

CO       CO  -CO         +C0. 

CO ^NH  +  OHH     CO. OH      NH, 


Allozaa  Mesoxalic  acid 


328 
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Carbon  dioxide  and  parabanic  acid  are  produced  by  the  oxidation 
of  alloxan  with  nitric  acid. 

Alloxan  is  converted  by  rednction  into  dllaxantine,  the  reaction 
being  analogous  to  the  formation  of  pinacone  from  acetone  (156); 
allozantine  has  therefore  the  structure 


yNH-CO    X)HHOv      CONH 

i  >-^— X  > 

^ —  ^_  __  — 


CO       \o c<^      \oo. 

^NH-CO  CONH 


Allozantine  is  also  formed  directly  from  uric  acid  by  evaporating  it  to 
dryness  with  dilute  nitric  acid.  When  treated  with  ammonia,  it  forms 
a  purple-red  dye,  murexide,  the  ammonium  salt  of  purpuric  acid; 
to  this  acid  is  assigned  the  constitution 

CO       \c — V      \oo. 

^NHCO  CO.NH 

This  formation  of  murezide  is  employed  as  a  test  for  uric  acid, 
Allozantine  is  only  soluble  with  considerable  difficulty  in  cold  water, 
and  gives  a  fine  blue  colour  with  baryta-water. 

Aüanioïne  is  a  decomposition-product  of  uric  acid,  a  fact  which 
has  an  important  bearing  on  the  constitution  of  this  compound, 
from  which  it  results  on  oxidation  with  potassium  permanganate. 
It  has  the  structure 


/NH .  CH— NH .  CO .  NIL 
CO         I 
^NHCO 

Allantolne 

since  it  can  be  obtained  synthetically  by  heating  glyoxylic  acid 
with  urea: 

, .    H     

/NH|H      Hq-C-|OH  +  H|HN-CO»NH, 

_+ I  Ure»  — » 

HOl-CO 


00 
\NH 


UrM         airoxjrlio  acid 


/NH  •  CH— NH  •  CO  •  NH- 
CO        I 
^NH.CO 


Allantolne 
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The  formation  of  alloxan  and  allantoine  from  uric  acid  gives  an 
insight  into  its  constitution,  the  production  of  the  first  indicating 

CN 
the  presence  of  the  complex  C      ^C,  and  of  the  second,  the  presence 

of  two  urea-residues,  together  with  the  complex 0^       I,  These 
are  accoimted  for  in  the  structural  formula 

NH— CO 
CO     CNHv 

:     •  .  I     II     yco. 

Uric  acid 

This  formula  also  gives  full  expression  to  the  other  chemical  proper- 
ties of  uric  acid. 

The  following  synthesis  affords  confirmation  of  the  accuracy  of 
the  constitution  indicated  above.  Malonio  acid  and  urea  combine  to 
nuüonylurea  or  barbituric  add : 

NH—CO 

00  OH,. 

1  I 
NH—CO 

On  treatment  with  nitrous  acid,  this  substance  yields  an  isonitroso- 
compound  which  can  also  be  obtained  from  alloxan  and  bydrozyl- 
amine,  violuric  acid : 

NH—CO 

.     CO     C=NOH. 

I         I 
NH—CO  n 

On  reduction,  yioluric  acid  gives  aminobarbiHiric  acid,  en  tA,\  ^^  '^  ^ 


NH-CO 

I         J 
CO    c< 


NH„ 


^H 
NH—CO 


f 
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which,  like  the  amines,  adds   on  one  moleonle  of  isocyanic  acid 
when  brought  into  contact  with  potassium  oyanate,  forming 
NH— CO 

CO     C<         X)0. 

NH-CiO  HjHN 
This  substance  is  pseudo-uric  acid,  and  only  differs  from  uric  acid 
in  containing  the  elements  of  another  molecule  of  water,  which,  by 
boiling  with  a  large  excess  of  hydrochloric  acid  of  20  per  cent, 
strength,  can  be  split  off  in  the  manner  indicated  in  the  formula;  this 
treatment  yields  a  substance  with  the  constitution  assigned  to  uric 
acid,  and  identical  with  this  compound. 

Uric  acid  dissolves  with  great  difficulty  in  water,  but  is  soluble 
in  concentrated  sulphuric  acid,  from  which  solution  it  is  precipitated 
by  addition  of  water.  It  forms  two  series  of  salts,  by  exchange  of 
one  or  two  hydrogen  atoms  respectively  for  metals.  Neutral 
sodium  urate,  CsHjN^OaNaj  +  HjO,  is  much  more  readily  soluble  in 
water  than  acid  sodium  urate,  2C5H,N40,Na  +  H^O.  The  neutral 
lithium  salt  is  moderately  soluble  in  water. 

Uric  acid  is  present  in  urine,  and  is  the  principal  constituent  of 
the  excrement  of  birds,  reptiles,  and  serpents;  it  can  be  conveniently 
prepared  from  serpent<-excrement.  In  certain  pathological  diseases 
of  the  human  organism,  such  as  gout,  uric  acid  is  deposited  in  the 
joints  in  the  form  of  sparingly  soluble  acid  salts.  On  account 
of  the  solubility  of  lithium  urate,  lithia-water  is  prescribed  as  a 
remedy. 

268.  A  considerable  number  of  compounds,  containing  the  same 
carbon-nucleus  as'uric  acid,  occur  in  nature,  partly  in  the  animal, 
and  partly  in  the  vegetable,  kingdom.  To  the  former  belong  hy- 
poxanthine,  C5H4N4O;  xanthine ,  C^H^N^Oj,'  and  guanine,  CgHgN^O; 
to  the  latter  belong  the  vegetable  bases  theobromine,  CjHgN^Oj ;  and 
caffeine,  CgHioN^O,.  In  order  to  assign  a  rational  nomenclature  to 
these  substances  and  other  members  of  the  same  group,  Emil 
Fischer  regards  them  as  derivatives  of  purine  (p.  333),  whose 
C-atoms  and  N-atoms  are  numbered  as  indicated  in  the  formula 

»N=«CH 
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Xanthine,  theobromine,  and  caffeine  have  the  following  structural 
formulse  and  rational  names: 


i 


NH— CO  NH CO 

I  I  I 

0  C— NHv  CO  C— N(CHA 

1  !1          >H;  I               II  \CH; 
NH— C — N^  N(CH,)— C N<^ 

Xanthine  2 :6-dloiX7purine  Dimethvlzanthine,  theobromine,  or 

S:7^imeth7l-S  :6-dioz7puiine 


N(CH,)— CO 

CO  C— N(CH),v 

I               II  >H. 

N(CH,)— C N<^ 


Trimethylzanthine,  caffeine, 
OP  1 : 3: 7-trlmethyl-8 : 6- 
dioxypurine 

Theobromine  and  caffeine  result  from  the  introduction  of  methyl- 
groups  into  xanthine. 

Xanthine^  CftH4N40s,  is  present  in  all  the  tissues  of  the  human 
body.  It  is  a  colourless  powder,  soluble  with  difficulty  in  water,  and 
possessing  a  weak  basic  character.  On  oxidation,  it  yields  alloxan 
and  urea. 

Tfieobrominey  CtHtNiOt,  exists  in  cocoa,  and  is  prepared  from  this 
source.  It  is  oply  slightly  soluble  in  water,  and  is  converted  by  oxida- 
tion into  monomethylalloxan  and  monomethylurea. 

Caffeine  or  thatie,  CtHjoNiOs,  is  a  constituent  of  coffee  and  tea.  It 
crystallizes  with  one  molecule  of  water  in  long,  silky  needles,  and  is 
moderately  soluble  in  water.  It  is  generally  prepared  from  tea-dust. 
On  careful  oxidation  it  yields  dimethyldUoxan  and  monomethylurea. 

The  position  of  the  methyl-groups  in  theobromine  and  caffeine  is 
proved  by  the  formation  of  these  oxidation-products. 

There  is  an  evident  resemblance  between  the  constitution  of 
uric  acid  and  those  of  xanthine,  theobromine,  and  caffeine: 

NH— CO  NH~CO 

II  II 

CO     C— NHv  CO      C— NHv 

I        II  >C0  I         II        •  \CH. 

NH— C— NH^  NH-€ N^ 

Urio  add  Xanthine 

These  formulae  indicate  the  possibility  of  obtaining  xanthine  by 
the  reduction  of  uric  acid,  and  up  to  the  year  1897  numerous 
unsuccessful  attempts  were  made  to  prepare  it  by  this  method,  a 
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reaction  ultimately  effected  by  Emil  Fischer  in  that  year.  He 
has  discovered  several  methods  of  converting  uric  acid  into  the 
three  compounds  mentioned  above,  including  one  by  which  the 
manufacture  of  the  therapeutically  important  bases,  theobromine 
and  caffeine,  seems  to  be  possible. 

To  convert  uric  acid  into  xanthine,  it  is  first  treated  with  phos- 
phorus oxychloride,  yielding  8-oxy'2:6-dicMoropurine;  this,  on 
further  careful  treatment  with  the  same  reagent,  is  converted  into 
2 : 6  iS^ricfdoropurine : 

N=ca 

CIC    C— NHv 

2: 6:  S-Tiichloropurine 

At  0®  and  in  presence  of  hydriodic  acid  and  phosphonium  iodide 
this  trichloropurine  changes  into  dv-iodopurtne  : 

C,HN,Cl8  +  4H1  =  CjHjN,!,  +  3HC1  +  21. 

Reduction  of  the  aqueous  solution  of  di-iodopurine  with  zinc-dust 
yields  purine^  a  white  crystalline  substance,  meltiug  at  216*- 217*, 
and  very  readily  soluble  in  water.  It  is  a  weak  base,  since  it  does 
not  turn  red  litmus  blue. 

The  Cl-atom  8  in  trichloropurine  is  very  stable  towards  alkalis, 
while  the  Cl-atoms  2  and  6  are  displaced  with  comparative  ease; 
when  trichloropurine  is  treated  with  sodium  ethoxide,  the  Cl-atoms 
2  and  6  are  exchanged  for  ethoxyl-groups.  On  heating  the  com- 
pound thus  obtained  with  a  solution  of  hydriodic  acid,  the  ethyl- 
groups  are  replaced  by  hydrogen,  the  Cl-atom  8  being  simulta- 
neously exchanged  for  an  H-atom,  with  formation  of  xanthine: 

N=C.OC,H,  N:l^C  OH  NH— CO 

II  II  J         I 

C^jOC    C-NH       -*HO.C    C— NH  ^CO     C— NH 

I       I     >CC1  I      !|  .  >CH  II     >CH. 

N— C— N  N— C— N  NH— C— N 

S:tf-Dietbozy-S-chloropi]iiiie       Xanthine  (tAUtomerfc  form)  Xanthine 
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When2:6-diethoxy-8-chloropurine  is  heated  with  hydrochloric 
acid,  only  the  ethyl-groups  are  replaced  by  hydrogen,  with  produc- 
tion of  a  compound  of  the  formula 

HN--CO 


Ao 


O-NH 


II  >^- 


HN— C— N 

On  methylating  this  substance,  its  three  H-atoms  are  exchanged 
for  methyl-groups,  yielding  chlorocaffeine,  which  can  bp  converted 
by  nascent  hydrogen  into  caffeine.  This  is,  therefore,  a  method  of 
preparing  caffeine  from  uric  acid. 

Emil  Fischer  has  discovered  a  very  characteristic  and  simple 
mode  of  effecting  this  methylation — ^agitating  an  alkaline,  aqueous 
solution  of  uric  acid  with  methyl  iodide,  whereby  the  four  hydro- 
gen atoms  are  readily  replaced  by  methyl-groups,  with  formation 
of  a  tetramethyluric  acid.  On  treating  this  with  phosphorus  oxy- 
chloride,  POClj,  chlorocaffeïne  is  formed  in  accordance  with  the 
equation 

3C5N,0,(CH,),  +  POCl,  =  3C,NA(CH3),C1  +  PO(OCH,)„ 
and  can  be  converted  by  nascent  hydrogen  into  caffeine. 

Electro-redaction  of  Purine  Derivatives. 

Tafel  has  stated  that  caffeine,  xanthine,  uric  acid,  and  other 
similar  compounds,  reducible  with  difficulty  by  the  ordinary  meth- 
ods, readily  add  on  hydrogen  evolved  by  electrolysis.  For  this 
purpose  the  compounds  are  dissolved  in  sulphuric  acid,  the  strength 
of  which  is  varied  to  suit  the  particular  compoimd,  and  lies  between 
50  and  75  per  cent.  This  solution  is  contained  in  a  porous  cell,  and 
a  lead  cathode  immersed  in  it.  This  cell  is  placed  in  sulphuric  acid 
of  20  to  60  per  cent,  strength,  which  contains  the  anode.  The 
hydrogen  evolved  at  the  cathode  by  the  current  readily  effects  the 
reduction  of  the  above-mentioned  compounds. 

Xanthine  and  its  homologues  take  up  four  atoms  of  hydrogen, 
becoming  transformed  into  deoxy-derivatives: 

CsHioO^N,  +  4H  =  C.H^ON,  +  HA 

Caffeine  Deozycoffelne 
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These  are  stronger  bases  than  the  original  substances,  which  have 
ver\'  weakly  basic  properties. 

The  reduction  of  uric  acid  is  somewhat  remarkable,  requiring 
six  hydrogen  atoms,  and  yielding  purone: 

C.H^OaN,  +  6H  =  C5HAN4  +  H,0. 

uric  acid  PuroQO 

It  is  the  carbon  atom  6  whose  oxygen  atom  is  replaced  by  hydrogen; 
at  the  same  time,  two  hydrogen  atoms  are  added  at  the  double  link- 
ing of  the  uric  acid  molecule: 

\NH— «CO  NH— CH, 

2C0     »C— "NH\^^      CO     CH--NHv 

«NH— -«C— «NH'^  NH— CH— NH^ 

Uric  acid  Purone 

This  structure  is  proved  by  the  fact  that  purone  yields  two  mole- 
cules of  COj  on  heating  ^nth  baryta-water,  so  that  it  must  contain 
two  unaltered  urea-residues,  which  necessitates  the  presence  of  the 
oarbonyl-groups  2  and  8.  The  carbonyl-group  6  can  be  proved  to 
be  the  one  reduced  in  xanthine  and  its  homologues. 

Purone  is  neither  a  base  nor  an  acid,  and  is  not  attacked  by 
oxidizing-agents.  When  warmed  with  a  10  per  cent,  solution  of 
caustic  soda,  it  is  transformed  into  isopurone,  which  has  acidic  prop- 
erties, and  is  readily  oxidized. 

The  application  of  the  electro-reduction  method  was  at  first 
Attended  by  many  difficulties,  greatly  varying  yields  being  obtained, 
even  when  the  process  was  apparently  carried  out  in  exactly  the 
same  way.  Tafel  has  both  discovered  the  cause  of  this  anomaly, 
and  indicated  a  method  by  which  the  process  can  be  kept  under 
control.  His  investigations  are  of  general  interest,  and  are  worth 
describing  in  some  detail. 

In  order  to  have  a  method  of  observing  the  course  of  the  reduc- 
tion process.  Tafel  closed  the  porous  cell  with  a  stopper,  through 
which  the  cathode  and  a  delivery  tube  for  the  gas  were  introduced,* 
care  being  taken  to  make  the  connections  air-tight.  A  second 
apparatus,  exactly  similar  to  that  used  for  the  reduction,  but  con- 
taining acid  alone,  without  the  purine  derivative,  was  introduced 
into  the  same  circuit.  Periodically,  the  gas  from  both  was  collected 
at  the  same  time  diuing  a  space  of  one  minute.    The  difference  be- 
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tween  these  quantities  of  gas  is  a  direct  measure  of  the  course  of 
the  reduction  during  that  minute,  since  it  indicates  the  quantity  of 
hydrogen  used  for  the  reduction. 

When  this  quantity  is  represented  graphically,  the  abscissae 
standing  for  the  time  which  has  elapsed  since  the  begimiing  of  the 
experiment,  and  the  ordinates  for  the  quantity  of  hydrogen  used 
for  the  reduction,  the  normal  course  of  the  latter  must  be  indicated 
by  Fig.  70,  since  the  quantity  of  hydrogen  absorbed  in  the  unit  of 
time  must  diminish  in  the  same  proportion  as  the  quantity  of  unre- 
duced purine  derivative. 

Tafel  has,  however,  observed  that  the  addition  of  traces  of  a 
platinum  or  copper  salt,  as  well  as  of  certain  other  salts,  very 
quickly  reduces  the  quantity  of  hydrogen  absorbed  to  nearly  zero, 
the  graphic  representation  in  this  case  for  the  addition  of  0'04  milli- 


Fio.  70.— Normal  Rbduction 
Curve. 


Fia.  71.— Abkorical  Rbduction 

CURVB. 


grammes  of  platinum  for  each  100  square  centimetres  of  cathode- 
surface  is  shown  in  Fig.  71.  This  indicates  that  the  slightest  con- 
tamination of  the  lead  of  the  cathode  by  certain  other  metals  is 
sufficient  to  almost  wholly  stop  the  electro-reduction. 

The  following  considerations  afford  an  insight  into  the  cause  of 
this  phenomenon.  Hydrogen  is  only  evolved  by  the  passage  of  an 
electric  current  through  dilute  sulphuric  acid  when  the  difference 
of  potential  of  the  electrodes  exceeds  a  certain  value.  This  is  a 
minimum  when  platinum  electrodes  are  used,  and  very  nearly 
'  coincides  with  the  potential  difference  to  be  expected  on  theoretical 
grounds  for  a  reversible  hydrogen-sulphuric-acid-oxygen-element. 

When  the  cathode  is  made  of  other  metals,  the  difference  of 
potential  is  greater  before  the  evolution  of  hydrogen;  for  this  a 
supertensión  (German,  Uherspannung)  is  necessary.  This  has  a  very 
large  value  for  lead,  but  as  soon  as  the  least  trace  of  platinum  or 
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of  certain  other  metals  is  brought  into  contact  with  the  surface  of  the 
lead  cathode,  the  supertension  disappears,  and  with  it  the  power 
possessed  by  the  evolving  hydrogen  of  reducing  purine  derivatives. 
This  has  a  deeper  lying  cause.  The  difference  of  potential 
regulates  the  energy  with  which  the  discharged  ions  can  react,  for 
the  pressure  under  which  a  discharged  ion  leaves  the  solution 
depends  only  upon  the  difference  of  potential.  Nebnst  states  that 
by  varying  the  difference  of  potential  it  is  possible  to  Qbtain  pres- 
sures from  the  smallest  fraction  of  an  atmosphere  up  to  many 
millions  of  atmospheres.  Hence,  reductions  which  are  unattain- 
ble  by  other  methods  and  without  supertension  are  possible  at 
cathodes  where  it  exists. 


SECOND  PART. 

THE  AROMATIC  COMPOUNDS,  AND  SUBSTANCES 
RELATED  TO  THEM. 


nfTRODVCTIOK. 

259.  With  but  few  exceptions,  the  compounds  described  in  the 
first  part  of  this  book  contain  an  open  chain.  As  examples  of  these 
exceptions,  closed-chain  compounds  such  as  the  lactones,  the  anhy- 
drides of  dibasic  acids,  and  the  uric  acid  group  may  be  mentioned. 
The  closed  chain  of  these  compounds  is  very  readily  opened,  and  the 
close  relationship  of  their  methods  of  formation  and  properties 
with  those  of  the  open-chain  derivatives,  makes  it  desirable  that 
they  should  be  included  in  a  description  of  the  fatty  compounds. 

There  exists,  however,  a  large  number  of  substances  containing 
closed  chains  of  great  stability  towards  every  kind  of  chemical 
reagent,  and  whose  properties  differ  in  many  important  respects 
from  those  of  the  fatty  compounds.  Chief  among  these  is  benzene^ 
CeHe,  with  its  derivatives.  The  molecule  of  benzene  contains  a 
closed  chain  of  six  carbon  atoms  (283) ;  this  substance  and  its  deriv- 
atives constitute  the  group  of  aromatic  compounds.  Benzene  can 
take  up  six  hydrogen  atoms,  with  formation  of  hexameihylene,  CpH,^, 
a  compound  which  also  contains  a  closed  carbon  chain  of  six  atoms, 
but  approximates,  in  properties  to  the  fatty  much  more  than  to  the 
aromatic  group.  Compounds  of  the  formula  CnHjn  are  also  known, 
containing  a  closed  chain  of  four  or  five  carbon  atoms,  and  they,  too 
have  similar  properties  to  the  fatty  compounds. 

The  closed  chain,  ring,  or  nucleus,  in  benzene  and  its  deriva- 
tives, and  in  the  closed-chain  hydrocarbons  CnH2n,  consists  of  the 
atoms  of  a  single  element,  carbon.  Compounds  of  this  kind  are 
called  homocyclic. 
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Closed  chains  containing  atoms  of  two  or  more  elements  are 
also  known :  pyridine,  C5H5N,  and  its  derivatives,  have  a  ring  con- 
taining five  C-atoms  and  one  N-atom;  furfuran,  C4H4O,  four 
C-atoms  and  one  0-atom;  pyrrole,  CJi^^N,  four  Oatoms  and  one 
N-atom;  thiophen,  C4H4S,  four  C-atoms  and  one  S-atom;  pyrazole, 
CaH^Nj,  three  C-atoms  and  two  N- atoms;  and  numerous  other 
examples  might  be  cited.  Such  substances  are  classed  together  as 
heterocyclic  compounds. 

There  exists  another  class  of  compounds  containing  condensed 
rings,  or  two  closed  chains  with  atoms  common  to  each.  A  type 
of  these  is  naphthalene,  CjgHg,  containing  two  benzene-nucJeJ.  Two 
dissimilar  rings  can  also  have  atoms  in  common,  as  in  quxnoltne, 
CjHyN,  which  contains  a  benzene-nucleus  and  a  pyridine-nucleus. 

Since  numerous  derivatives  of  all  these  compounds  are  known, 
the  scope  of  this — the  aromatic — division  of  organic  chemistry  is 
much  more  extended  than  that  of  the  fatty  series.  The  descrip- 
tion of  the  aromatic  group  is,  however,  greatly  simplified  by  the 
fact  that  in  it  the  properties  of  alcohols,  aldehydes,  acids,  etc.. 
already  described  for  the  fatty  compounds,  are  again  met  with. 

The  most  important  of  the  closed-chain  compounds  are  benzene 
and  its  derivatives,  and  these  will  be  described  after  a  brief  con- 
sideration of  the  compounds  of  the  formula  CJi^,  containing  rings 
of  three,  four,  or  five  carbon  atoms. 
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L   TBIMXTHYLENE  DESIYATIVXS. 

CH.v 
260.  Trimethylene,  CsH«  =    I       /CH,,  is  obtained  by  the  action 

of  sodiam  on  trimethylene  bromide,  CH.Br-CHsCHsBr  (164).  It 
is  a  gas,  which  liquefies  at  a  pressure  of  from  five  to  six  atmospheres, 
and  is  not  identical  with  propylene,  GHsiCH-CHs,  since  with  bromine 
it  forms  an  addition-product  only  very  slowly  under  the  influence  of 
sunlight,  yielding  trimethylene  bromide.  This  reaction,  together  with 
its  synthesis,  proves  it  to  have  the  above  constitution. 

Derivatives  of  trimethylene  are  obtained  by  the  action  of  ethylene 
bromide  on  sodiomalonic  ester : 


OH, 
OH, 


Br 
Br 


+  Na, 


H.Ov 
0(0OO0.H.),  =       I  ^0(OOOC,H»).  +  SNaBr. 


By  saponification  of  this  ester  a  dibasic  acid  is  obtained  which  splits 
off  00,  when  heated,  with  formation  of  trimethylenecarboxylic  add  : 
CH. 

I^CH.OOOH. 

CH, 


n.  TETSAXETHTIJEVX  BEBITATIVXS. 

961.  Tetramethylene  itself  is  not  known,  but  its  derivatives  are 
obtained  analogously  to  trimethylene  compounds.  When  sodioma- 
lonic ester  reacts  with  trimethylene  bromide,  the  ester  of  a  tetra- 
methylenedicarboxylic  acid  is  formed: 

CH. 

/\ 
C(COOC,H.),  =  CH,  C(COOC,H.),  +  2NaBr. 

\/ 

_  CH, 

m.  PEHTAKETHTLEHE  DEEIVATIVE8. 
268.  Pentamethylene  derivatives    can  be  obtained  by  a  similar 
method,  the  action  of  tetramethylene  bromide  on  sodiomalonic  ester. 
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When  the  calcium  salt  of  adipic  acid  is  submitted  to  dry  distilla- 
tion, a  keto-derivative  of  pentamethylene  is  formed  : 

OH. .  CH, .  CO .  10\  OH, .  CH.v 

I  , >Ca    =  CaCO.  +  |  >00. 

OH, .  CH, .  |C0  O^  CH. .  CH/ 

Calcium  adipate  Keto-penta- 

methylene 

The  structure  of  this  compound  is  proved  by  its  oxidation  to  glutaric 
acid : 

OH.CH.v  0H,.0H,.C0OH 

I  >C0    ^     I 

CH.CH,^  CH,.C00H 

Glutaric  acid 

Pentamethylene  is  obtained  by  the  reduction  of  this  keto-derivative, 
the  carbonyl-group  taking  up  two  H-atoms,  with  formation  of  a  CHOH- 
group.  By  treatment  with  hydriodic  acid,  hydroxyl  is  first  replaced 
by  iodine,  and  finally  by  hydrogen : 


CH,.CH,\  CH.CH, 


IV 


I  >C0    ->      I  >CH0H    -► 

CH,.CH,'^  CH.CH,'^ 

CH,.CH,\  CH,.CH,\ 

-►      I  >CHI     -.      I  >CH.. 

CH,.CH,^  CH.CH,'^ 

Pentamethylene  is  a  colourless  liquid  boiling  at  50°. 

According  to  the  "tension  theory"  of  Baeyer  (129),  the  forma- 
tion of  a  trimethylene-ring  and  a  tetramethylene-ring  necessitates 
an  alteration  in  the  direction  of  the  affinities,  since  only  in  a 
chain  of  five  carbon  atoms  are  the  affinities  sufficiently  near  to 
one  another  to  form  a  ring  without  being  bent  from  their  direction 
(169).  It  follows  from  this  that  the  pentamethylene-ring  must  be 
very  stable,  while  the  tetramethylene-ring,  and  still  more  the  tri- 
methylene-ring, have  a  tendency  to  open,  so  as  to  bring  back  the 
bonds  to  their  original  direction.  These  conclusions  are  fully  sup- 
ported by  experiment.  Trimethyjene  forms  an  addition-product 
with  bromine  (260),  and  with  other  substances,  such  as  hydriodic 
acid,  whereby  the  closed  chain  is  opened.  The  reaction  does  not 
take  place  so  readily  as  the  addition  of  bromine  to  substances  con- 
taining a  double  bond,  such  as  propylene,  because  the  bonds  of  such 
compounds  are  more  altered  in  direction,  and  are  therefore  more 
easily  broken,  than  those  of  the  closed  chain  of  trimethylene.  Penta- 
methylene does  not  yield  an  addition-product  with  bromine,  and 
displays  the  same  stability  towards  nitric  acid  and  sulphuric  acid 
as  a  saturated  hydrocarbon;  it  thus  shows  no  tendency  to  opening 
of  the  ring. 
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A  consideration  of  the  great  resemblance  between  the  proper- 
ties of  pentamethylene  and  of  the  saturated  open-chain  hydro- 
carbons leads  to  the  important  conclusion  that  the  formaiion  of  a. 
ring  does  not  in  itself  make  any  alteration  in  the  properties  of  com- 
pounds (378). 

Analogous  to  the  production  of  ketopentamethylene  by  the  dry 
distillation  of  calcimn  adipate  (p.  341)  is  that  of  ketopolymethylene 
derivatives  from  the  calcium  salts  of  the  higher  saturated  dibasic 
fatty  acids;  thus,  calcium  pimelate,  C7Hio04Ca,  jdelds  ketohexamethyl- 
ene,  and  calcimn  suberate,  CgHijO^Ca,  yields  ketoheptamethylene 
or  svber one.  The  yield  of  the  different  homologues  obtained  com- 
pletely agrees  with  Baeyer's  theory;  for  the  closed-chain  com- 
pound with  five  C-atoms  it  is  theoretical,  and  diminishes  rapidly 
for  its  higher  homologues  with  increase  in  the  number  of  C-atoms, 
a  proof  of  the  instability  of  the  rings  containing  six,  seven,  or  more 
carbon  atoms,  of  which  further  evidence  is  afforded  by  the  convei^ 
sion  of  hexamethylene  compounds  and  aromatic  derivatives  into 
pentamethylene  compoimds  by  hydriodic  acid  at  a  high  temper- 
ature. 

Hexamethylene  derivatives  are  described  later  (270). 
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268.  Certain  substances  found  in  the  vegetable  kingdom  are 
characterized  by  the  possession  of  an  agreeable  aroma;  such*  are 
oil  of  bitter  almonds,  oil  of  carraway,  oil  of  cumin,  balsam  of  Tolu, 
gum-benzoin,  vanilla,  etc.  These  vegetable-products  consist  prin- 
cipally of  substances  of  somewhat  similar  character,  which  differ 
from  the  fatty  compounds  in  containing  much  less  hydrogen  in 
proportion  to  the  other  elements :  thus,  cym^ene,  C10H14,  is  obtained 
from  oil  of  carraway ;  totiiene,  C^Hg,  from  balsam  of  Tolu ;  and  benzoic 
acid,  CyH^Oj,  from  gum-benzoin.  The  saturated  fatty  compoimds 
with  the  same  number ^of  C-atoms  have  the  formulae  CioHjj,  CyHi^, 
and  C7H14O2,  respectively. 

Before  the  nature  of  the  so-called  aromatic  compounds  had  been 
closely  investigated,  and  on  account  of  their  external  similarity,  it 
was  customary  to  regard  them  as  members  of  a  single  group,  just 
as  ordinary  butter  and  "  butter  of  antimony,"  SbCl,,  were  classed 
together  because  of  their  similarity  in  consistency.  This  method 
of  classification  is  still  adopted  for  compounds  with  analogous 
properties,  but  of  imperfectly  imderstood  constitution,  such  as  the 
bitter  principles,  vegetable  alkaloids,  and  many  vegetable  dyes. 

A  closer  study  of  the  aromatic  compounds  has  shown  that  the 
old  and  somewhat  arbitrary  classification  according  to  external 
resemblance  is  well  founded,  since  all  these  substances  may  be 
looked  upon  as  derivatives  of  one  hydrocarbon,  benzene,  CeHg,  just 
as  the  fatty  compounds  are  to  be  regarded  as  derived  from  methane, 
CH4.  Thus,  on  oxidation,  toluene  yields  benzoic  acid,  whose  cal- 
cium salt  is  converted  into  benzene  by  distillation  with  lime.  The 
dibasic  terephthalic  acid,  C8H,04,  is  formed  by  the  oxidation  of 
cymene,  and  can  be  similarly  transformed  into  benzene. 

The  discovery  of  this  relation  by  Kekule  brought  into  promi- 
nence the  question  of  the  constitution  of  benzene,  the  basis  of  all  the 
aromatic  compounds.    When  its  formula,  CeH^,  is  compared  with 
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that  of  the  saturated  paraffin  containing  six  C-atoms,  hexane, 
C^u,  it  is  seen  that  it  contains  a  much  smaller  percentage  of  hydro- 
gen, since  there  are  eight  H-atoms  fewer  in  its  molecule.  It  might 
be  suggested  that  benzene,  like  other  hydrocarbons  poor  in  hydrogen, 
such  as  CqH^  and  C^HioyContains  multiple  carbon  bonds^but  the  prop- 
erties of  benzene  do  not  admit  of  this  assumption.  Compounds  con- 
taining a  multiple  carbon  bond  readily  form  addition-products  with 
the  halogens,  are  very  sensitive  to  oxidizing-agents,  and  easily  react 
with  Baeyer's  reagent  (123) :  benzene  lacks  these  properties.  It 
yields  halogen  addition-products  very  slowly,  whereas  compounds 
with  a  multiple  carbon  bond  form  them  instantaneously.  It  must, 
therefore,  be  concluded  that  benzene  does  not  contain  multiple 
carbon  bonds,  and  that  the  carbon  atoms  in  its  molecule  are  linked 
together  in  a  special  manner. 

Other  considerations  lead  to  the  same  conclusion.  Baeteb  has 
discovered  certain  dibasic  acids,  derivable  from  hexamethylene 
(cyclohexane), 


CH,— CH, 
5H,— CH, 


\ 


by  exchange  of  hydrogen  for  carboxyl.  Removal  of  two  or  four 
hydrogen  atoms  from  these  hexamethylene  derivatives  yields  com- 
pounds whose  behaviour  shows  that  they  contain  a  multiple  carbon 
bond.  It  would  be  expected  that  the  abstraction  of  six  hydrogen 
atoms  would  produce  a  compound  of  an  even  more  imsaturated 
character,  but  a  benzene  derivative  lacking  all  the  properties  con- 
ferred by  a  double  bond  is  formed  instead.  The  elimination  of 
the  third  pair  of  hydrogen  atoms  from  the  hexamethylene  deriva- 
tive, unlike  that  of  the  first  and  second  pair,  occasions  a  sudden  and 
complete  change  in  properties. 

In  order  to  understand  the  manner  of  linking  of  the  benzene  car- 
bon atoms,  it  is  first  necessary  to  know  the  relative  distribution  of 
its  hydrogen  and  carbon  atoms.  Two  facts  suffice  to  determine 
this.  First,  no  isomers  of  the  monosubstitiUion-products  of  benzene 
exist.  Second,  the  disubstitution-produds  exist  in  three  isomeric 
forms.    Hence,  there  is  only  one  monobromobenzene,  CeH,Br;  but 
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three  dibromobenzenes  are  known,  and  are  distinguished  by  the 
prefixes  oriho,  meta,  and  para. 

It  follows  from  the  first  of  these  facts  that  the  six  hydrogen  atoms 
of  benzene  are  of  equal  value;  that  is,  replacement  of  any  one  of  them 
yields  the  same  monosubstitution-product.  Three  formulae,  in 
which  the  six  hydrogen  atoms  are  of  equal  value,  are  possible  for 
benzene: 

I.  C,(CH,),.        II.  C,(CH,)3.        III.  (CH)e. 

It  has  now  to  be  considered  which  of  these  formulae  agrees  with  the 
second  fact  stated  above. 

A  disubstitutioh-product  of  a  compound  with  formula  I  can  be 
either 


jCH^  C  (CHX, 


No  other  isomers  are  possible,  so  that  this  formula  is  inadmissible 
as  leading  to  two,  instead  of  to  three,  isomers. 
With  formula  II  four  isomers  seem  possible : 


a.       (CHX    h.       (CHX    c.        ( CX,    d.       (CH, 

C^CHX        Ca^CH^  Cj^CH^         Ca^CX,. 

( CH,  ( CHX  ( CH^  ( CH, 

Since  the  hydrogen  atoms  in  benzene  are  equivalent,  'the  CH,- 
groups  in  the  benzene  molecule  must  be  similarly  linked,  so  that 
a  =  6,  and  c  =  d;  in  other  words,  the  number  of  possible  isomers 
is  reduced  to  two.  Formula  II  cannot  be  accepted  either,  since  it 
also  fails  to  explain  the  formation  of  three  isomeric  disubstitution- 
products. 

There  remains  only  formula  III,  in  which  each  carbon  atom  is  in 
union  vrith  one  hydrogen  atom.  The  question  of  the  constitution 
of  benzene  therefore  narrows  itself  to  this:  given  a  compound  C^He, 
in  which  each  carbon  atom  is  Unked  to  one  hydrogen  atom,  the 
problem  is  to  find  a  formula  which  accounts  for  the  equivalence  of  all 
the  hydrogen  atoms,  the  formation  of  three  disubstitution-products, 
and  the  absence  of  double  or  multiple  bonds.  It  is  evident  that 
an  open  carbon-chain  formula  cannot  fulfil  the  prescribed  con- 
ditions, since  the  hydrogen  atoms  attached  to  such  a  chain  contain- 
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ing  terminal  and  intermediate  CH-groups  could  not  be  equal.  The 
Bix  hydrogen  atoms  can  only  be  of  equal  value  with  a  closed  chain 
of  sixOatoms: 


This  arrangement  of  the  CH-groups  also  fulfils  the  second  condition, 
OS  is  evident  from  the  scheme : 

CX  cx  cx  CX  ex 

HOji   '>|CH 

GX 

in  which  the  compounds  CcH^X,,  1:2=  1:6, 1:3=  1:5,  and  1 : 4  are 
isomeric;  the  form^ion  of  three  isomers  is,  therefore,  also  accoimted 
for. 

In  this  scheme,  each  carbon  atom  is  in  union  with  one  hydrogen 
atom  and  two  other  carbon  atoms,  so  that  three  bonds  of  each  car- 
bon atom  are  accounted  for;  it  only  remains  to  ascertain  the  mode 
of  linking  of  the  fourth  carbon  bond.  A  hypothetical  explanation 
suggested  by  Armstrong,  and  also  by  Baeyer,  is  now  regarded  as 
affording  the  most  probable  explanation  of  the  observed  facts. 
They  assume  that  the  direction  of  the  fourth  bond  of  each  C-atom 
is  towards  the  centre  of  the  benzene-ring,  and  that  each  bond  is 
kept  in  equilibrium  by  the  others,  their  mutual  attraction  causing 
the  stability  of  the  closed  chain.    This  centric  formula  for  benzene  is 


CH 


Such  a  mode  of  linking  is  unknown  in  the  fatty  series,  so  that  it 
must  be  the  cause  of  the  properties  peculiar  to  aromatic  compoimds. 
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and  lacked  by  those  of  the  fatty  series.  Hence,  this  structural  for- 
mula  not  only  accounts  for  the  isomerism  of  the  derivatives  of 
benzene,  but  also  explains  the  "  aromatic "  character  peculiar  to 
them. 

Nomenclature  and  Isomerism  of  the  Benzene  Derivatives 

284.  The  different  isomeric  disubstitution-products  are  distin- 
guished by  the  prefixes  orthoj  metay  and  para,  or  the  positions  of 
their  substituents  are  denoted  by  numbers: 


1 :2  «=  1 :6  substitution-products  are  called  or/Ao-compounds. 
1:3=1:6  „  „         „        „     ?neto-compounds. 

1:4  „  ,}         ,y        „    paro-compounds. 

The  number  of  isomeric  substitution-products  is  the  same  for 
two  similar  or  dissimilar  substituting-groups,  but  not  for  three. 
Three  isomers  exist  when  the  three  groups  are  similar : 


X 


Adjacent  or  Vicinal  Symmetrical  Asymmetrical 

1:2:3  1:8:5  1.3:4 

When  one  of  the  groups  is  dissimilar  to  the  other  two,  different 
vicmal  derivatives  result  by  substitution  at  2  and  at  3  respectively, 
and,  for  the  asymmetrical  compound,  substitution  at  3  produces  a 
different  compound  from  that  resulting  on  exchange  at  4.  For  four 
similar  groups,  the  same  number  (three)  of  isomers  is  possible  as  for 
two,  since  the  two  remaining  hydrogen  atoms  can  be  in  the  ortho- 
position,  meto-position,  or  para- position  to  one  another.  The 
number  of  isomers  possible  in  other  cases  can  be  readily  deter- 
mined. 

An  alkyl-radicle  or  other  group  linked  to  a  benzene- residue,  as 
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in  C^Hb-CHj,  or  CeHs-CHj-CHj.CHs,  is  called  a  aide-chain,  the 
benzene-residue  being  called  the  rmdeus.  Substitution  can  take 
place  both  in  the  nucleus  and  in  the  side-chain;  when  in  the  former, 
it  is  usual  to  refer  to  the  'position  of  the  substituent  relative 
to  those  already  present,  the  determination  of  which  is  called  the 
determination  of  position^  or  orienlaiion,  of  the  substituents.  The 
methods  adopted  for  this  will  be  foimd  in  368  to  366. 


PSOPE&TIES  CEABACTEBISTIC  OF  THE  AROMATIC  COM- 
POTTHDS:    STHTHE8E8  FROM  FATTT  COMPOTTNDS. 

266.  The  saturated  hydrocarbons  of  the  fatty  series  are  not 
attacked  by  concentrated  nitric  or  sulphuric  acid,  and  but  slightly 
by  oxidizing-agents ;  their  halogen-substituted  derivatives  react 
very  readily.  The  aromatic  differ  from  the  aliphatic  hydrocarbons 
in  all  these  points. 

1.  The  aromatic  hydrocarbons  are  readily  attacked  by  concen- 
trated nitric  acid,  with  formation  of  nitro-compaunds : 


CJI,.  |H  +  HO|NO,  =  C,H,.NO,  +  H,0. 

Nitrobeosene 


On  reduction,  these  yield  amino-derivatives,  which  proves  them  to 
be  true  nitro-compounds. 

2.  On  treatment  with  concentrated  sulphuric  acid,  the  aromatic 
compounds  yield  sulphonic  adds  : 


CeH,»|H  +  HO|»SO,H  =  CeH^.SOsH  +  HA 

Benzenesulphonic  acid 

The  sulphur  of  the  SOjH-group  is  linked  to  a  carbon  atom  of  the 
benzene-nucleus,  since  thiophenol,  CeHg-SH,  also  yields  benzenesul- 
phonic acid  on  oxidation: 

CeHs-SH-^CeHgSOaH. 

3.  The  aromatic  hydrocarbons  with  side-chains  are  readily 
oxidized  to  acids,  the  whole  side-chain  being  usually  oxidized  back 
as  far  as  the  carbon  atom  in  union  with  the  nucleus,  with  formation 
of  carboxyl. 

4.  Chlorobenzene  and  bromobenzene  have  their  halogen  atoms 
so  strongly  attached  to  the  phenyl-group,  C^Hs,  that  they  are  almost 
incapable  of  taking  part  in  double  decompositions  with  such  com- 
pounds as  metallic  alkoxides,  salts,  etc. 
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266.  Various  syntheses  of  aromatic  from  aliphatic  compounds 
are  known ;  some  of  them  are  very  readily  effected. 

1.  WTien  the  vapours  of  volatile  fatty  compounds  are  led  through 
a  red-hot  tube,  aromatic  substances  are  among  the  products.  The 
condensation  of  acetylene,  C,H„  to  benzene  by  this  means  is  a 
typical  example.  A  synthesis  of  benzene  from  carbon  monoxide  is 
described  in  315. 

2.  On  treatment  with  sulphuric  acid,  acetone  is  converted  into 
mesitylene,  or  1 : 3 : 5-trimethylbenzene  (269): 

SCaHeO-SHjO  =  C,H„. 

Other  ketones  condense  similarly  to  aromaticTiydrocarbons. 

3.  When  liberated  from  its  sodiimi  compound,  acetoacetalde- 

H 
hyde,  CHj-CO-CH,  Cq,  at    once  changes  into   l:3:5-triacetyl- 

benzene, 

yCOCH,  1 
CeH^^X)CH,  3     . 
\COCH,  5 

Acetoacetaldehyde  can  be  obtained  from  acetone  and  formic  ester 
by  Claisen's  condensation-method  (203). 

The  inverse  reaction,  the  conversion  of  aromatic  into  fatty  com- 
pounds, is  also  possible. 

1.  When  benzene-vapour  is  led  through  a  red-hot  tube,  acetylene  is 
produced.  Since  acetylene  under  the  same  conditions  isconverted  into 
benzene,  it  follows  that  both  reactions  are  incomplete. 

2.  Catechol,  CeH^COH),  (1:2),  is  oxidized  by  nitrous  acid  to 
dihydroxytartaric  acid,  COOH - C(OH),- C(OH),. COOH.  The  constitu- 
tion  of  this  acid  (155)  follows  from  its  combining  with  two  molecules  of 
hydroxylamine  or  of  phenylbydrazine,  which  proves  it  to  be  a  diketone, 
just  as  chloral  hydrate,  CCli-CH(OH)„  possesses  nearly  all  the  prop- 
erties of  aldehydes  (804).  On  reduction,  dihydroxytartaric  acid  yields 
tartaric  acid,  while  on  treatment  with  a  concentrated  solution  of 
sodium  hydrogen  sulphite,  it  loses  two  molecules  of  carbon  dioxide, 
and  forms  the  sulphite  derivative  of  glyoxal. 


BEVZEinS  Aim  TEE    ABOMATIC   HTDB0CABB0V8   WITH 
SATITBATED  8IDE.CEAIir& 


Oas-mannfaotnre  and  its  By-products ;  Tar. 

267.  The  aromatic  hydrocarbons  are  used  in  large  quantities  in 
the  manufacture  of  aniline  dyes,  and  are  obtained  from  coal-tar,  a 
by-product  in  the  manufacture  of  gas.  A  short  description  of  this 
process  will  not  be  out  of  place,  since  it  also  3nelds  other  products 
of  great  importance  in  the  manufacture  of  organic  chemicals. 

Coal  is  gradually  heated  in  iron  or  clay  retorts  of  a  Q -shaped 
cross-section,  being  finally  raised  to  a  red  heat;  the  gases  and 
vapours  are  removed  as  completely  as  possible  by  means  of  ex- 
hausters. Coke  remains  in  the  retorts,  and  is  employed  as  fuel,  and 
in  many  metallurgical  processes,  although  for  the  latter  purpose 
the  coke  has  usually  to  be  prepared  by  special  means. 

The  distillate  contains  three  main  products.  1.  Gases  (illumi- 
nating-gas). 2.  An  aqueous  liquid,  containing  ammonia  and  other 
basic  substances,  such  as  p3rridine  bases.  3.  Tar.  These  are  sepa- 
rated from  one  another  as  completely  as  possible  by  a  series  of 
treatments.  The  crude  gas  is  passed  over  iron  ore,  to  remove  the 
cyanogen  derivatives.  The  purifying-material  is  employed  for  the 
preparation  of  potassium  ferrocyanide  (243),  an  important  source 
of  the  cyanogen  compounds. 

Tar^  is  a  thick,  black  liquid  with  a  characteristic  odour.  Its 
colour  is  due  to  suspended  particles  of  carbon.  It  is  a  complicated 
mixture  of  neutral,  acidic,  and  basic  substances.  The  first  are  prin- 
cipally hydrocarbons,  chiefly  belonging  to  the  aromatic  series. 
About  5-10  per  cent,  of  the  tar  consists  of  naphthalene,  and  1-1-5  per 
cent,  of  a  mixture  of  benzene  and  toluene.  Phenol  is  the  principal 
acidic  constituent  of  tar.  Basic  substances  are  only  present  in  small 
quantities,  the  chief  being  pyridine  and  quinoline,  and  their  homo- 
logues. 
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The  technical  separation  of  the  tar-products  is  effected  partly  by 
chemical  means,  and  partly  by  fractionation.  The  tar  is  first  dis- 
tilled, a  considerable  portion  remaining  behind  in  the  retort  as 
a  black,  somewhat  brittle  mass,  known  as  pitch.  The  phenol,  or 
carbolic  acid,  is  subsequently  removed  by  careful  treatment  with 
caustic  alkali,  and  the  basic  substances  by  means  of  acid.  The 
residue  is  distilled,  four  fractions  being  obtained. 

1.  Light  oil,  distilling  up  to  ITO'^. 

2.  Carbolic  oil,  between  170^  and  230^. 

3.  Heavy  oil,  or  creosote  oil,  between  230*^  and  270®, 

4.  Anthracene  oil,  above  270*^. 

The  light  oil  contains  benzene  and  its  homologues,  which  can  be 
separated  by  further  fractionation.  Only  a  limited  number  of  the 
homologues  of  benzene  are  present  in  the  light  oil — principally 
tolitene,  or  methylbenzene,  and  xylene,  or  dimethylbenzene. 

Methods  of  Formation. 

268.  1.  Fittig's  synthesis  is  carried  out  by  treating  bromo- 
benzene,  or,  in  general,  a  hydrocarbon  containing  bromine  in  the 
nucleus,  with  an  alkyl  bromide  or  iodide  and  sodium: 


+ 


SL%''.|"*  =  ^.fcS2'  +  ^'"'^- 


A  series  of  by-products  is  sometimes  obtained,  among  them  being 
dialkyl  and  diphenyl,  CtH»-C«H,.  The  yield  of  alkyl-benzene  is,  bow- 
ever,  very  good  when  the  higher  normal  primary  alkyl  iodides  are 
employed. 

2.  Friedel  and  Crafts'  synthesis  is  peculiar  to  the  aromatic 
series,  and  depends  upon  a  remarkable  property  of  aluminium 
chloride.  This  substance  is  obtained  by  the  action  of  dry  hydro- 
chloric-acid gas  on  aluminium  foil.  On  bringing  it  into  contact 
with  a  mixture  of  an  aromatic  hydrocarbon  and  an  alkyl  chloride, 
clouds  of- hydrochloric  acid  are  evolved,  and  hydrogen  of  the  nucleus 
is  exchanged  for  the  alkyl-group : 

CeH^-|H4-Cl|CH,  =  C,H,.CH,  +  HQ. 
In  this  reaction,  aluminimn  chloride  seems  to  act  by  contact  (300). 
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In  the  synthesis  of  Friedel  and  Crafts  more  than  one  alkyl- 
gronp  is  generally  introduced,  the  monosubstitution-products  and  the 
higher  substitution-products  being  simultaneously  formed;  the  homo- 
logues  are  separated  by  fractional  distillation. 

This  reaction  constitutes  a  method  both  for  the  building  up  and 
breaking  down  of  a  hydrocarbon.  When  toluene,  GcH»CHt,  is  treated 
with  aluminium  chloride,  benzene,  CtHt,  and  xylene,  CcH4(CHt)fl,  are 
formed.  The  alkyl-groups  of  one  hydrocarbon  are  exchanged  for  the 
hydrogen  of  the  other.  This  reaction  can  also  be  brought  about  by 
the  action  of  concentrated  sulphuric  acid  upon  aromatic  hydrocar- 
bons with  a  number  of  side-chains. 

3.  Like  the  saturated  fatty  hydrocarbons,  the  aromatic  hydro- 
carbons are  obtained  by  the  distillation  of  the  calcium  salts  of  the 
aromatic  acids  with  soda-lime: 


CeH^'|COaCa*-f  caO|H  =  CaCOj  +  CeH,. 

4.  Benzene  and  its  homologues  can  be  obtained  by  heating  the 
sulphonic  acids  with  sulphuric  or  hydrochloric  acid,  the  decom- 
position being  facilitated  by  the  introduction  of  superheated  steam: 


CeH,(CH,)3|S03H  +  HO|H  =  CeH^CCH,),  +  H,SO,. 

This  method  can  be  employed  in  the  separation  of  the  aromatic 

hydrocarbons  from  the  paraffins.    When  warmed  with  concentrated 

<   sulphuric  acid,  the  former  are  converted  into  sulphonic  acids  soluble 

in  water  ;  the  paraffins  are  unacted  on  and  are  insoluble  in  water,  so 

that  a  mechanical  separation  is  thus  possible. 

This  method  can  also  be  applied  to  the  separation  of  the  aromatic 
hydrocarbons  themselves,  since  some  of  them  are  more  readily  con- 
verted into  sulphonic  acids  than  others. 

5.  By  heating  an  alcohol,  an  aromatio  hydrocarbon,  and  zinc 
chloride  at  270*^-300®.  The  zinc  chloride  plays  the  part  of  a  dehyd- 
rating-agent: 


CeH,|H  +  HO|-C,H,,  -  CaH,-C^  +  H,0. 
*ca  =  iCa. 
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269.  Benzene  and  the  aromatic  hydrocarbons  with  saturated 
side-chains  are  colourless,  highly  refractive  substances,  liquid  at 
ordinary  temperatures,  and  possessing  a  characteristic  odour. 
They  are  immiscible  with  water,  but  mix  in  all  proportions  with 
strong  alcohol.  Some  of  their  physical  properties  are  indicated  in 
the  table : 


Name. 

Formula. 

Boning, 
point. 

Speciilc 
Gravity. 

Benzene 

C.H, 

CHo.CH, 
r  w   ^CHi  1 
^•"*^CH,  8 
C«H.(CH.),  (1:8:6) 

CeHt.CsHs 

C.H..CH(CH,), 
C.H4<cH(CH,),    4 

80.4' 
110* 

isr 

164" 
136' 
168' 

176' 

0.874  (ao**) 

Toluene 

0*869  (16*) 

4i2,>Xv1ene .■   ... 

0-881    (on 

Mesitvlene 

0.865  (14") 
0-888    (0°) 

Sthylbenzene 

Isopropy  I  benzene  (Cumene). . . 
^Methylisopropylbenzene  \ 

(Cymene)  )  ' ' 

0.866  (16*) 
0-856  (20') 

Benzene  was  discovered  by  Faraday  in  1825  in  a  liquid  obtained 
by  submitting  coal-gas  to  pressure. 

Xylene  f  or  dimethylbenzene,  exists  in  three  isomeric  forms; 
m-xylene  is  the  principal  constituent  of  the  xylene  in  tar,  being 
70-85  per  cent,  of  the  whole. 

The  isomeric  xylenes  can  only  be  separated  with  difiSculty;  their 
boiling-points  lie  very  close  together,  that  of  o-xylene  being  142*^ 
while  w-xylene  and  p-xylene  boil  at  ISO'  and  188'  respectively. 
This  makes  their  separation  by  fractional  distillation  impracticable, 
but  it  can  be  effected  by  treating  them  with  sulphuric  acid  at  ordi- 
nary temperatures;  m-xylene  and  o-xylene  go  into  solution  as  sul- 
phonic  acids,  while  p-xylene  remains  undissolved.  The  sulphonic 
acids  of  the  tn«to-compound  and  or^/^o-com pound  can  be  separated  by 
fractional  crystallization  of  their  sodium  salts,  the  orf Ao-salt  crystalli^ 
ing  first. 

Cymene,  C10H14,  is  closely  related  to  the  terpenes,  CjoHje,  and  to 
the  camphors,  CioH,gO,  since  it  can  be  obtained  from  them  in  various 
ways.  Cymene  is  a  constituent  of  certain  ethereal  oils,  such  as  otZ 
of  carravxiy,  oü  of  thyme,  and  oü  of  eucalyptus. 
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Hydrogen  Addition-products  of  the  Aromatic  Hydrocarbons. 

270.  When  the  aromatic  hydrocarbons  take  up  two  or  four  hydro- 
gen atoms,  they  lose  their  aromatic  character  and  acquire  properties 
peculiar  to  unsaturated  compounds  (268).  The  centric  bonds  may 
be  supposed  to  be  broken,  with  formation  of  double  bonds  (816): 


H  ^ 

h/Kh      H        h^^^^Xh, 

hI(|)|h"*"h^h|^h. 


u 

Dlhydrobeijzene 

Dihydrobemene^  C«Hc,  for  example,  reacts  with  a  solution  of  per- 
manganate and  sodium  carbonate,  and  also  adds  on  four  bromine 
atoms.  Tetrahydrobemene,  CeHip,  readily  adds  on  two  bromine 
atoms. 

When  six  hydrogen  atoms  are  taken  up  by  benzene,  there  results 
Jiexamethyleney  which  melts  at  2*"  and  boils  at  80-8*';  it  has  the 
character  of  a  saturated  hydrocarbon  of  the  fatty  series.  Hexa- 
methylene,  (CH,),  or  C,Hi„  and  some  of  its  isomers,  are  present  ia 
Russian  petroleum;  they  are  called  napldhenes.  They  can  be  recog- 
nized as  addition-products  of  the  aromatic  hydrocarbons  from  their 
yielding  nitro-derivatives  of  these  hydrocarbons  on  treatment  with 
nitric  acid.  They  differ  from  the  isomeric  defines  in  not  possessing 
the  power  of  forming  addition-products,  and  in  their  stability  towards 
Baeyer's  reagent  (128). 

Hexamethylene  and  its  homologues  can  be  obtained  by  the  catalytie 
action  of  freshly-reduced  nickel  on  a  mixture  of  hydrogen  and  benzene 
or  its  homologues,  the  reaction  taking  place  at  a  comparatively  low 
temperature  (29,  125,  and  188). 

W.  H.  Pfrkin,  Jun.,  has  prepared  hexamethylene  synthetically  in 
the  following  manner.  Chlorobromotrimethylene  reacts  with  sodium 
ethoxide,  yielding  a  chloro-ether : 

Cl-CH..CH,.CH,.Br  +  NaOCH.  ~>  C1.CH,.CH,.CH,.0C,H.. 
This  compound  is  treated  with  sodium : 


2C,H50.CH,CH,.CH,.jC[_+J^|  ->  C,H50.(CH,),.0C,Hö. 
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This  double  ether  is  then  treated  with  hydrobromic  acid, 

C,H50.(CH,)e.0C,HB  +  2HBr     ->  Br.(CH^e-Br. 
With  sodium,  the  resulting  dibromide  yields  hezamethylene : 


CH,— OH,— OHj 
CH,— OH,— CHj 


Br    Na| 

+ 
Br    Na 


CH,— OH,— OH, 
OH,— OH,— OH, 


MOHOSUBSTITITTIOH-PSODirCTB  07  THE  ABOMATIC 
HYSSOCASBOHS. 


L    XOVOSTTLPHOHIC  AGIB8. 

271.  The  fonnation  of  these  compounds  has  been  described 
abready  (266);  they  are  produced  by  the  action  of  concentrated 
sulphuric  acid  upon  aromatic  compounds.  In  order  to  separate 
them  from  the  excess  of  sulphuric  acid,  use  is  made  of  the  ready 
solubility  of  their  calcium  and  barium  salts  in  water;  the  process  is 
similar  to  the  separation  of  ethyl  hydrogen  sulphate  from  sulphuric 
acid  (60).  They  can  also  be  separated  from  their  concentrated 
solution  containing  sulphuric  acid  by  the  addition  of  common  salt 
until  no  more  will  dissolve,  when  the  sodium  salt  of  the  sulphonic 
acid  separates  in  the  solid  state.  This  is  dissolved  in  water,  the 
equivalent  quantity  of  mineral  acid  added,  and  the  free  sulphonic 
acid  isolated  by  extraction  with  ether. 

The  sulphonic  acids  are  colourless,  crystalline  substances,  gen- 
erally hygroscopic,  and  readily  soluble  in  water.  They  can  be 
reconverted  into  the  aromatic  hydrocarboas  by  treatment  at  a  high 
temperature  with  hydrochloric  acid,  or  with  superheated  steam 
(268,  4). 

Most  of  the  sulphonates  crystallize  well,  and  are  employed  in 
the  purification  of  the  sulphonic  acids.  On  treatment  with  phos- 
phorus pentachloride,  the  latter  are  converted  into  chlorides : 

CeH, .  SO,  •  OH  ->  CeH, .  Sa  •  CI. 

The  sulphonic  chlorides  are  very  stable  towards  cold  water,  being 
but  slowly  reconverted  into  sulphonic  acids. 

The  sidphonamides  are  formed  by  the  action  of  ammonium 
carbonate  on  the  chlorides: 

C.H, .  SOjGl  -^  C«H, .  SO,  •  NH,. 

They  are  well-crystallized  compounds;  the  determination  of  their 
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melting-points  is  often  employed  for  the  identification  of  an  aromatic 
hydrocarbon.  On  account  of  the  strongly  negative  character  of 
the  group  CeHjSOj — ,  the  hydrogen  atoms  of  the  NHj-group  are 
replaceable  by  metals;  hence  the  sulphonamides  are  soluble  in 
alkalis. 

On  prolonged  redliction,  the  sulphonic  acids  yield  thiopJienols, 
such  as  CcHj'SH,  which  can  be  reconverted  by  oxidation  into  the 
sulphonic  acids. 

n.   XOVOEALOOEH   COXPOWDS. 

272.  Benzene  does  not  yield  isomeric  monohalogen  derivatives; 
a  proof  that  its  hydrogen  atoms  are  of  equal  value  (263).  Toluene, 
CeHg-CHg,  yields  o-,  m-,  and  p-halogen  derivatives,  as  well  as  com- 
pounds containing  halogen  in  the  side-chain.  The  hydrogen  atoms 
of  the  side-chain  are  not  equal  in  value  to  those  attached  to  the 
nucleus,  so  that  compounds  with  halogen  in  the  side-chain  should 
be  different  from  those  having  halogen  in  the  nucleus :  experiment 
bears  this  out.  The  chlorine  atom  in  monochlorobenzene  can  only 
be  made  to  react  with  great  difficulty.  Fittiq's  synthesis  (268,  1) 
is  one  of  the  few  examples  of  its  entering  into  reaction.  Mono- 
chlorobenzene can  be  boiled  with  alkali,  with  potassium  hydrogen 
sulphide,  with  potassimn  cyanide,  or  can  be  heated  with  ammonia, 
without  substitution  of  the  halogen  atom,  which  is  only  effected 
by  a  powerful  reagent — sodium  methoxide — ^at  220®.  These  facts 
prove  that  the  halogen  atom  has  different  characteristics,  when 
in  union  with  the  nucleus,  and  as  a  constituent  of  fatty  halogen 
derivatives. 

Magnesinm  reacts  similarly  with  ethereal  solutions  of  bromo- 
benzene  and  alkyl  balides  (82).  With  the  former  a  compoand 
CtHfeMgBr  is  obtained  in  solution,  and  can  be  employed  in  the 
synthesis  of  tertiary  alcohols  containing  the  group  CcHb,  as  described 
in  111. 

The  behaviour  of  a  compound  CyH^Q,  obtained  by  the  action 
of  chlorine  upon  boiling  toluene,  is  in  marked  contrast  to  that  of 
monochlorobenzene.  This  substance,  bemyl  chloride,  reacts  as 
readily  with  the  alkalis,  anmionia,  potassium  cyanide,  and  silver 
salts,  as  the  fatty  halogen  derivatives  ;  its  halogen  atom  is  not 
attached  to  the  nucleus,  but  is  in  the  side-chain.    Its  formula  is 
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CgHj-CHjCl,  since,  on  oiddation,  it  yields  an  acid  which  does  not 
contain  chlorine,  benzoic  acid,  C^Hj  •  COOH.  The  formula  C^Hj  •  CHjCl 
explains  why  the  halogen  atom  has  the  same  character  as  it  has  in 
a  fatty  compound,  for  according  to  it  benzyl  chloride  may  be 
looked  upon  as  methyl  chloride  in  which  one  of  the  hydrogen 
atoms  has  been  replaced  by  a  phenyl-group. 

There  is  also  a  difference  in  the  external  properties  of  these  two 
classes  of  halogen  derivatives :  the  compounds  with  halogen  attached 
to  the  nucleus  have  a  faint  agreeable  odour,  while  those  with  halogen 
in  the  side-chain  have  usually  a  very  pungent  odour. 

The  marked  difference  between  isomers  obtained  by  substitution 
in  the  nucleus,  and  in  the  side-chain,  just  indicated  for  the  halogen 
substitution-products,  is  also  characteristic  of  other  derivfCtivearf 
the  aromatic  hydrocarbons.  The  first  have  a  special  character, 
and  the  second  a  general  resemblance  to  the  aliphatic  compounds. 

Methods  of  Formation. 

273.  Chlorine  and  bromine  can  be  directly  introduced  into  the 
aromatic  hydrocarbons.  Substitution  by  iodine  is  only  effected  in 
presence  of  an  oxidizing-agent,  such  as  iodic  acid,  to  remove  the 
hydriodic  acid  formed;  its  introduction  is  usually  accomplished  by 
an  indirect  method.  Where  the  substitution  takes  place,  whether 
in  the  nucleus  or  in  the  side-chain,  is  determined  by  the  following 
conditions. 

1.  Temperature. — ^At  low  temperatures,  halogens  substitute  in 
the  nucleus,  and  at  high  temperatures,  in  the  side-chain;  thus,  on 
treatment  with  chlorine,  cold  toluene,  especially  in  presence  of  a 

'  halogen-carrier,  such  as  ferric  chloride,  yields  o-  and  p-chlorotoluene; 
when,  however,  chlorine  or  bromine  is  brought  into  contact  with 
boiling  toluene  (110°),  benzyl  chloride,  CcHj-CHjCl,  or  benzyl 
bromide,  CJR^  •  CHjBr,  is  almost  exclusively  formed. 

2.  Halogen-carriers, — The  presence  of  halogen-carriers,  such  as 
iodine  or  antimony  trichloride,  results  in  the  introduction  of 
chlorine  into  the  nucleus,  even  at  elevated  temperatures. 

3.  Sunlight, — ^At  ordinary  temperatures,  and  even  at  0°,  chlorine 
or  bromine  substitutes  exclusively  in  the  side-chain,  if  the  reaction- 
mixture  be  exposed  to  direct  sunlight;  thus,  ethylbenzene  is  not  at- 
tacked by  bromine  at  low  temperatures  in  the  absence  of  light,  but 
ia  direct  simlight  is  quickly  converted  into  C^  •  CHBr  •  CH,. 
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MonoMorobemene  is  a  colourless  liquid;  it  boils  without  decom- 
position at  132^,  and  has  a  specific  gravity  of  1  •  106  at  20°.  Mono- 
bromobemene,  B.P.  157°,  sp.  gr.  1-491  at  20°.  Monoiodabemene, 
B.P.  188°,  sp.  gr.  1  861  at  0°. 

Bemyl  chloride  is  a  colourless  liquid  of  stupefjong  odour,  inten- 
sified by  warming;  it  boils  at  178°,  and  has  a  specific  gravity  of  1  •  113 
at  15°.  Bemyl  iodide  is  prepared  by  heating  benzyl  chloride  with 
potassium  iodide;  it  melts  at  24°,  and  decomposes  when  boiled. 
It  has  a  powerful  and  unbearably  irritating  odour,  productive  of 
tears. 

lodobenzene,  and  other  iodine  oompcunds,  substituted  in  the 
nucleus,  can  add  on  two  atoms  of  chlorine,  with  formation  of  com- 
pounds such  as  phenyliodide  chloride  or  iodobenzene  dichloride, 
CcHflCIs.  When  digested  with  alkalis,  these  give  iodoso-oompounds^ 
such  as  iodosobengeney  C«H»-IO,  which  are  amorphous,  yellowish 
solids.  When  heated,  or  oxidized  with  bleacbing.powder,  these  com- 
pounds yield  iodoxy-oompounds  (German,  lodoüerbindungen)^ 

20.H».I0  =  C,H..I  +  C,H,.IO,. 

lodozybenxene 

lodoxybemene  is  crystalline  and  explodes  when  heated. 

The  constitution  of  these  compounds  is  inferred  from  their  ready 
conversion  into  iodobenzene,  this  being  effected  for  iodosobenzene  by 
means  of  potassium  iodide,  and  for  iodoxybensene  by  hydrogen 
dioxide,  with  evolution  of  oxygen.  These  substances  would  not  be  so 
readily  converted  into  iodobenzene  if  the  oxygen  were  attached  to  the 
benzene-nucleus.  < 

m.   XOHOHYDBIC  PHEV0L8  AHD  ABOMATIO  ALCOHOLS. 

274.  The  hydroxyl-compounds  of  the  aromatic  hydrocarbons 
display  the  same  characteristic  difference,  occasioned  by  the  union 
of  the  substituent  with  the  nucleus  or  with  the  side-chain  as 
the  halogen  derivatives  (272).  The  OH-group  in  phenol  (carbolic 
acid),CeH5  0H,  is  in  union  with  the  nucleus,  and  possesses  a  character 
unknown  in  the  fatty  series.  A  compound  such  as  bemyl  alcohol, 
CgHj-CHjOH,  whose  constitution  follows  from  its  oxidation  to 
benzoic  acid,  CcHj-COOH,  displays  most  of  the  properties  charac* 
teristic  of  the  aliphatic  alcohols. 
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A.      PHENOLS. 

Phenol  and  some  of  its  homologues,  such  as  creèol,  etc.,  are 
found  m  coal-tar,  by  the  fractional  distillation  of  which  they  are 
accumulated  in  the  carbolic  and  creosote  oils  (267).  They  are 
isolated  by  shaking  these  fractions  up  with  caustic  alkali,  which 
dissolves  the  phenols,  leaving  the  hydrocarbons  behind.  They  are 
liberated  from  the  solution  with  sulphuric  acid,  and  are  then  sepa- 
rated by  fractional  distillation.  By  far  the  larger  proportion  of 
the  phenol  found  in  commerce  is  obtained  from  this  source. 

Phenol  and  its  homologues  can  further  be  obtained  by  the  follow- 
ing methods. 

1.  By  fusion  of  the  salt  of  a  sulphonic  acid  with  alkali : 

CeH^.SOjK  +  2K0H  =  C^Hs-OK  +  K^O,  +  H^O. 

2.  By  the  action  of  nitrous  acid  on  aromatic  amines,  a  method 
analogous  to  the  preparation  of  alcohols  of  the  fatty  series  from 
amines  (72).  But  whereas  on  acting  upon  an  aliphatic  amine  with 
nitrous  acid  the  alcohol  is  produced  directly,  in  this  case  very  im- 
portant intermediate  products,  the  diazonium  compounds  (302), 
can  be  isolated. 

3.  By  the  action  of  oxygen  upon  benzene  in  presence  of  alumi- 
nium chloride,  phenol  is  formed. 

Properties  of  the  Phenols. 

275.  The  phenols  are  in  some  respects  comparable  with  the 
tertiary  alcohols,  since  in  both  the  hydroxyl  is  linked  to  a  carbon 
atom  in  direct  union  with  three  others,  although  in  the  phenols  one 
of  these  bonds  is  of  a  special  kind.  Like  the  tertiary  alcohols, 
therefore,  they  cannot  be  oxidized  to  aldehydes,  ketones,  or  acids  * 
containing  the  same  number  of  C-atoms.  The  phenols  exhibit 
many  of  the  characteristics  of  the  aliphatic  alcohols;  they  are 
capable  of  forming  ethers,  when  alkyl  halides  react  with  their  alkali- 
Sfdts;  they  produce  esters,  forming  acetates,  for  example,  with 
acetyl  chloride.  Phosphorus  pentachloride  substitutes  CI  for  their 
OH,  although  not  so  readily  as  in  the  fatty  series.  But  in  addition 
to  these,  the  phenols  possess  special  properties  due  to  their  much 
stronger  acidic  character.  When  describing  the  separation  of 
phenol  from  carbolic  oil  (267),  it  was  mentioned  that  they  dissolve 
in    caustic  alkalis,  forming    pAfnoxides,  such  as  C^Hj-ONa.    The 
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alcohols  of  the  fatty  series  do  not  possess  this  property  in  the  same 
degree.  Those  which  are  insoluble  in  water  do  not  dissolve  in 
caustic  alkalis,  and  are  only  converted  into  metallic  alkoxides  by  the 
action  of  the  alkali-metals.  This  increase  in  acidic  character  can 
only  be  occasioned  by  the  presence  of  the  phenyl-group;  in  other 
words,  the  phenyl^oup  has  a  more  negative  character  than  an  alkyl- 
group.  In  other  respects,  the  phenols  are  weak  acids;  their  aqueous 
solutions  are  bad  conductors  of  electricity,  and  the  phenoxides  are 
decomposed  by  carbonic  acid. 

It  is  thus  seen  that  the  properties  of  the  hydroxyl-group  are 
considerably  modified  by  union  with  the  phenyl-group.  Inversely, 
the  influence  of  the  hydroxyl-group  on  the  benzene-nucleus  is 
equally  marked,  making  the  remaining  hydrogen  atoms  much  more 
readily  substituted.  Benzene  is  only  slowly  attacked  by  bromine 
at  ordinary  temperatures,  but  addition  of  bromine-water  to  an 
aqueous  solution  of  phenol  at  once  precipitates  tribromopfienol — 
a  reaction  employed  in  its  quantitative  estimation.  The  conversion 
of  benzene  into  nitrobenzene  necessitates  the  use  of  concentrated 
nitric  acid,  but  phenol  yields  nitrophenol  on  treatment  with  the 
dilute  acid.  Phenols  are  also  much  more  readily  oxidized  than  the 
aromatic  hydrocarbons. 

On  distillation  with  zinc-dust,  the  phenols  are  reduced  to  the 
corresponding  hydrocarbons.  They  can  be  detected  by  the  forma- 
tion of  a  violet  colouration  when  ferric  chloride  is  added  to  their 
aqueous  solutions. 

Individual  Members. 

276.  Phenol,  or  carbolic  acid,  is  a  colourless  substance,  crystal- 
lizing in  long  needles.  It  melts  at  39-6*^,  and  boils  without  decom- 
position at  181^.  It  has  a  characteristic  odour,  and  strong  antiseptic 
properties.  It  was  formerly  largely  employed  in  surgery,  but  to  a 
great  extent  its  place  has  been  taken  by  mercuric  chloride,  or 
corrosive  sublimate,  HgCl^.  Phenol  is  soluble  in  water,  1  part  dis- 
solving in  15  at  16°;  it  can  also  dissolve  water.  On  account  of  the 
small  molecular  weight  of  water,  and  the  high  molecular  lowering  of 
the  freezing-point  of  phenol  (75),  a  small  percentage  of  water  causes 
phenol  to  be  liquid  at  ordinary  temperatures  (14).  It  follows  from 
the  equation  AM  =  75,  in  which  M  is  the  molecular  weight  of  water 
(18),  that  Ay  the  lowering  of  the  freezing-point  occasioned  by  the 
presence  of  1  per  cent,  of  water,  is  about  4  «2^, 
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The  hydroxytoluenes,  CHj-C^H^-OH,  are  called  creaoU;  they  are 
present  in  coal-tar,  but  are  usually  prepared  from  the  correspond- 
ing amino  compounds,  or  sulphonic  acids.  On  oxidation,  they  are 
completely  decomposed,  but  when  the  hydrogen  of  the  hydroxyl- 
group  is  replaced  by  alkyl  or  acetyl,  they  can,  like  toluene  itself, 
be  oxidized  to  the  corresponding  acids.  The  cresols  resemble 
phenol    in  their    behaviour   towards    bromine-water.     ihCresd, 

CHs<^      yOH,  is  a  decomposition-product  of  albumin. 

Thymol,  which  is  also  used  as  an  antiseptic,  is  hydroxycymene, 


/CH3 


1 

C^,M)H  2. 

\CH(CH,),  4 


Acid  sulphuric  esters  of  phenol  are  present  in  urine ;  they  result 
from  the  fermentation  (putrefaction)  of  albumins,  since  the  quautitj 
of  them  present  depends  upon  the  extent  of  this  process. 

B.      AROMATIC  ALCOHOLS. 

277,  At3rpe  of  these  compounds  is  benzyl  alcohol,  CJtl^'CHfiB., 
which  possesses  nearly  all  the  properties  of  an  aliphatic  alcohol.  It 
can  be  obtained  by  treatment  of  benzyl  chloride  with  potassium 
acetate,  and  saponification  of  the  ester  of  acetic  acid  thus  formed. 
It  reacts  readily  with  phosphorus  pentachloride,  yielding  benzyl 
chloride,  and  forms  esters,  ethers,  etc.;  being  a  primary  alcohol,  it 
can  be  oxidized  to  the  corresponding  aldehyde,  hemaldehyde,  and 
also  to  benzoic  acid.  It  differs  from  the  aliphatic  alcohols  in  its 
behaviour  towards  sulphuric  acid,  which  causes  resinification,  in- 
stead of  the  formation  of  the  corresponding  sulphuric  ester.  Benzyl 
alcohol  possesses  no  phenolic  properties;  it  is  insoluble  in  alkalis, 
and  does  not  3rield  the  characteristic  phenol  colouration  with  ferric 
chloride. 

Benzyl  alcohol  is  a  liquid  which  dissolves  with  difficulty  in  water; 
it  boils  at  206^,  and  possesses  only  a  faint  odour. 

IT.     BULFRUB  DEBIYATIVIS. 

Thiophenol^  G«H5-SH,  can  be  obtained  by  heating  phenol  with 
phosphorus  pentasulpbide,  PsS^,  or  by  reduction  of  the  chloride  of 
benzenesulphonic  acid.  It  has  all  the  properties  of  the  mercaptans, 
particularly  the  power  of  forming  salts.  Like  most  volatile  sulphur 
compounds,  it  has  a  disagreeable  odour. 
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Sulphur  compounds  similar  to  those  described  in  the  fatty  series 
(67  and  68)  are  also  known  in  the  aromatic  series;  such  are  thioethers^ 
sulphones,  and  salphinic  acids. 

y     STHSB8. 

278.  A  distinction  is  drawn  between  the  aromatic-fatty  ethers^ 
such  as  anüole,  C^Hj-O-CHg,  and  the  true  aromatic  ethers,  like 
phenyl  ether,  C^Hj-O-CeHg.  The  method  of  formation  of  com- 
pounds of  the  first  class  consists  in  the  action  of  an  alkyl  halide 
upon  a  phenoxide  (276) : 


C,H5-0>|Na  +  I|CaH,  =  0,11,. OC^H,  +  Nal. 

The  true  aromatic  ethers  cannot  be  prepared  by  this  method, 
since  the  halogen  atom  attached  to  the  nucleus  is  only  exchanged 
with  difficulty  (272).  Phenyl  ether  is  obtained  by  heating  phenol 
with  a  dehydrating-agent,  such  as  chloride  of  zinc  or  of  aluminium: 


C«Hs-  pH  +  H|0>C,H,  «  C^H^.O-CeH,  +  HA 

The  mixed  fatty-aromatic  ethers  are  stable  compounds,  and 
resemble  the  true  aliphatic  ethers  closely  in  behaviour.  They  react 
in  many  cases  similarly  to  the  aromatic  hydrocarbons  themselves. 
When  heated  to  a  high  temperature  with  a  hydrogen  halide,  they 
yield  phenol  and  an  alkyl  halide  (64): 

C^Hft-OCH,  +  HI  =  CeHj.OH  +  CH.-L 

▲tiisole 

The  true  aromatic  ethers,  such  as  phenyl' ether,  are  not  decomposed 
by  hydriodic  acid,  even  at  250*^. 

Anisole,  C^Hj-O-CH,,  is  a  liquid,  and  boils  at  155*^.  Phenciole^ 
CeHj .  0  •  CjHg,  is  also  a  liquid,  and  boils  at  172*^.  Each  has  a  charac- 
teristic odour. 

YI.     XOVOiriTBO-DERiyATIVES. 

279.  It  was  stated  (266, 1),  as  a  point  of  characteristic  difference 
between  the  aromatic  and  aliphatic  compoimds,  that  the  former 
are  very  readily  converted  into  nitro-derivatives  by  the  action  of 
concentrated  nitric  acid.    This  is  the  only  method  used  in  practice 
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for  the  preparation  of  aromatic  nitro-compounds.    The  substance 
is  treated  with  a  mixture  of  nitric  and  sulphuric  acids: 


CeH>|H  +  H0|-N03  =  CeH5.NO,  +  H^O. 

The  water  formed  in  the  nitration  would  dilute  the  nitric  acid  and 
retard  the  action  if  the  sulphuric  acid  were  not  present.  The  more 
alkyl-groups  there  are  in  union  with  the  benzene-nucleus,  the  more 
readily  is  the  introduction  of  nitro-groups  effected. 

Properties. 

280.  The  mononitro-compounds  are  very  stable,  and  can  be 
distilled  without  decomposition;  their  nitro-groups  are  very  firmly 
attached.  Unlike  the  primary  and  secondary  nitro-compounds  of 
the  fatty  series,  the  aromatic  nitro-derivatives  do  not  contain  hydro- 
gen replaceable  by  metals,  since  the  nitrorgroup  in  them  is  linked  to 
a  tertiary  carbon  atom;  such  an  exchange  is  therefore  impossible 
(76).  On  reduction,  the  nitro-compounds  yield  amines,  and  the 
reaction  can  be  so  carried  out  that  various  intermediate  products 
are  isolated  (289). 

Most  of  the  nitro-compounds  have  a  pale-yellow  colour,  and  an 
agreeable  odour;  they  are  usyally  liquids  heavier  than  water,  in 
which  they  are  insoluble.    They  are  volatile  with  steam. 

Individual  Members.  . 

Nitrobenzene  is  manufactured  in  large  quantities  in  the  aniline- 
dye  industry.  Cast-iron  vessels  fitted  with  a  stirring-apparatus, 
and  kept  cool  by  water,  are  employed.  They  are  charged  with 
benzene  into  which  a  mixture  of  nitric  and  sulphuric  acids  is  allowed 
to  flow.  At  the  end  of  the  reaction,  the  nitrobenzene  floating  on 
the  surface  of  the  sulphuric  acid,  which  contains  only  small  quanti- 
ties of  nitric  acid,  is  washed  with  water,  and  piuified  by  distillation 
with  steam. 

Nitrobenzene  is  a  yellowish  liquid,  with  an  odour  resembling  that 
of  bitter  almonds,  for  which  reason  it  is  used  in  perfumery.  Its 
boiling-point  is  208^,  its  melting-point  5-5^,  and  its  specific  gravity 
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1  •  1987  at  25°.    Its  preparation  on  the  large  scale  is  carried  out  in 
order  to  obtain  aniline  by  its  reduction  (2*83  and  292). 

Nitrotoluenes. — When  toluene  is  nitrated,  the  chief  products 
are  the  or/Ao-compound  and  para-compound,  the  ?7ieto-compound 
being  only  formed  in  traces.  Which  of  the  two  isomers  is  produced 
in  greater  quantity  depends  upon  the  method  of  nitration  employed. 

TsTA-nürotoluenej CeH4 <«atq'  a,  is  solid,  melting  at  51°,  and  can  be 

obtained  pure  from  the  liquid  mixture  of  the  isomers  on  cooling; 
the  preparation  of  the  pure  or^Ao-compound  is  more  troublesome. 

Phenylnitromethane  and  the  Psen&o-acids. 

281.  Phenylnitromethane,  C.HöCHaNO»,  is  an  aromatic  compound 
"With  a  nitro-groap  in  the  side-chain;  this  is  evident  from  its  formation 
by  the  action  of  benzyl  chloride  or  iodide  on  silver  nitrite: 


CoH.-CH,[CI_+_Ag|NO.=  C.H..CH,NO,  +  AgCl. 

It  can  be  reduced  to  benzylamine,  which  proves  it  to  be  a  tree  nitro- 
compound. Phenylnitromethane,  and  its  derivatives  with  substituents 
-attached  to  the  nucleus,  possess  the  remarkable  property  of  exist- 
ing in  two  modifications  which  are  readily  transformed  into  each 
other.  Phenylnitromethane  is  a  liquid,  whose  aqueous  solution  does 
not  react  with  ferric  chloride.  When  it  is  converted  into  its  sodium 
derivative  by  the  action  of  sodium  alkoxide,  and  subsequently  set 
free  by  the  addition  of  a  strong  mineral  acid,  a  crystalline  substance 
of  the  same  composition  as  phenylnitromethane  separates  out ;  the 
aqueous  solution  of  this  compound  gives  a  colouration  with  ferric 
chloride.  After  some  hours,  these  crystals  are  completely  reconverted 
into  ordinary  liquid  phenylnitromethane.  It  is  very  probable  that  the 
sodium  compound  and  the  unstable  modification  corresponding  to  it 
liave  the  constitution 

CH.CHiNOOH 

The  presence  of  a  hydroxyl-group  is  proved  by  the  formation  of  dtbem- 
Jiydroxamic  acid  on  treatment  with  benzoyl  chloride  : 

^^  //^ 

CHft.CH :  Nf  +  CIOCC.H.  -*  C.n..CH :  Nf  -* 

^ONa  ^OOCCH. 

Sodiophenyllso- 
Dltrometoane 

-"♦aH.CO— N— O.OCCeH*. 

H 

Dibenzhydroxamlc  acid 
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Another  proof  of  the  presence  of  a  hydroxy! -group  is  that  isonitro- 
compounds,  unlike  ordinary  nitro-compounds,  react  vigorously  with 
phenyl  isocyanate  (288)  at  low  temperatures. 

From  the  preceding  it  may  be  deduced  that  when  phenylnitrome- 
thane,  CeHj-CHsNOs,  is  converted  into  a  salt,  it  first  changes  to  an 
isomeric  modification.  Inveraely,  when  it  is  set  free  from  its  sodium 
compound,  the  iso-modification  is  first  produced,  and  slowly  changes 
to  the  ordinary  form. 

The  dilute  aqueous  solution  of  the  mcto-nitro-derivative  of  phenyl- 
nitromethane  affords  a  striking  example  of  this  phenomenon.  This 
compound  is  colourless,  but  its  sodium  salt  has  a  deep-yellow  colour. 
On  the  addition  of  an  equivalent  quantity  of  hydrochloric  acid  to  its 
deeply  tinted  solution,  the  yellow  colour  disappears  somewhat  slowly, 
indicating  the  conversion  of  the  iso-compound  into  the  normal. 

The  discharge  of  the  colour  is  attended  by  another  phenomenon  ; 
the  electric  conductivity  of  the  liquid  is  considerably  greater  imme- 
diately after  the  addition  of  the  hydrochloric  acid  than  it  is  several 
minutes  later,  when  the  colour  has  nearly  vanished.  The  explanation 
of  this  is  that  the  iso-form  is  a  true  acid,  and  is  therefore  a  conductor 
in  aqueous  solution,  while  the  solution  of  the  normal  modification  is  a 
non-conductor,  and  therefore  possesses  no  acidic  character. 

Compounds  which  change  to  an  iso- modification  on  formation  of 
metallic  derivatives,  are  called  pseudo-acid^.  In  addition  to  phenyl- 
nitromethane  and  its  ring-substituted  derivatives,  other  pseudo-acids 
are  known,  most  of  which  are  nitro-compounds. 

Besides  the  properties  indicated  above,  the  pseudo-acids  possess 
others  by  which  they  may  be  detected.  It  has  just  been  stated  that 
the  addition  of  a  strong  acid  to  a  pseudo-acid  salt  liberates  the  pseudo- 
acid,  and  that  it  is  slowly  converted  into  the  normal  modification. 
Inversely,  the  addition  of  an  equivalent  quantity  of  caustic  alkali  to 
the  normal  modification  results  in  its  gradual  neutralization.  This 
"slow  neutralization"  is  a  characteristic  of  the  pseudo-acids. 

Another  criterion  for  them  is  illustrated  by  dinitroethane,  which, 
after  being  liberated  from  its  sodium  salt  in  accordance  with  the 
equation 

CH.-C^?g!0Na+  HCl  =  CH..C^  Jg'.Qu+NaCl, 

Isod  i  n  itroethane 

NO 
is  so  rapidly  converted  into  the  normal  compound,  CH«-CH<j^q*, 

that  a  change  in  the  electric  conductivity  of  the  solution  can  scarcely 
be  observed  even  at  0".  The  neutral  reaction  of  the  alkali-derivatives 
of  the  .non-conducting  or  weakly-conducting  hydrogen  compound 
nevertheless  indicates  the  existence  of  a  pseudo-acid.  An  acid  which 
is  so  weak  that  'its  solution  is  a  bad  conductor  of  electricity,  yields 
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alkali-salts  which  undergo  strong  hydrolytic  dissociation,  and  there- 
fore have  a  strongly  alkaline  reaction  (**  Inorganic  Chemistry/'  289). 
Such  a  substance  as  sodiodinitroethane,  whose  solution  is  not  alkaline, 
must  therefore  be  derived  from  an  acid  other  than  dinitroethane,  sine» 
this  substance  has  a  neutral  reaction  and  is  a  non-conductor  in  aque- 
ous solution. 

Among  the  other  methods  of  detecting  pseudo-acids,  the  adding  on 
of  ammonia  may  be  mentioned.  A  trae  acid,  when  dissolved  in  benzene 
or  another  hydrocarbon,  combines  instantaneously  with  dry  ammonia 
to  form  an  insoluble  ammonium  salt.  A  pseudo-acid,  on  the  contrary, 
either  does  not  add  on  NHs,  or  only  slowly,  being  in  the  latter  case  first 
converted  into  a  true  acid. 

Vn.  XOKOAMIKO-COXFOUITDS. 

282.  The  amino-eompounds  of  the  aromatic  series,  with  the 
NH,-group  attached  to  the  ring,  are  almost  exclusively  obtained  by 
reduction  of  the  corresponding  nitro-compounds.  This  is  effected 
by  the  action  of  tin  and  hydrochloric  acid,  iron-filings  and  acetic  or 
Tiydrochloric  acid,  or  by  other  reagents.  On  the  manufacturing 
scale  it  is  usual  to  employ  iron-filings  and  hydrochloric  acid. 
,  Amines  can  be  obtained  from  phenols  by  heating  them  at  300® 
with  ammonium  zinc  chloride. 

The  aromatic  amines  are  colourless  liquids  of  high  boiling-pointy 
or  solids,  and  have  a  characteristic  odour.  With  water,  the  ali- 
phatic amines  form  stronger  bases  than  ammonia,  but  the  aqueous 
solutions  of  the  aromatic  amines  possess  only  weakly  basic  pro- 
perties; thus,  they  do  not  turn  red  litmus  blue,  and  scarcely  con- 
duct an  electric  current.  The  aromatic  amines  yield  salts,  how- 
ever, although  these  have  an  acid  reaction  in  solution,  on  account 
of  partial  hydroljrsis.  The  negative  character  of  the  phenyl-group, 
already  alluded  to  in  connection  with  phenol  (276),  considerably 
modifies  the  nature  of  the  amido-group;  the  behaviour  of  diphenyl- 
amine  and  triphenylamine  in  particular  betrays  this  influence. 
With  strong  acids  the  former  can  yield  salts,  which,  however,  are 
completely  hydrolyzed  by  addition  of  much  water;  the  second  no 
longer  unites  with  acids. 

Substitution  of  the  amido-group  for  hydrogen  produces  the  same 
effect  upon  the  benzene-nucleus  as  substitution  of  the  hydroxyl- 
group  for  hydrogen,  making  the  rest  of  the  hydrogen  atoms  of 
the  nucleus  much  more   easily  replaced;   thus,  aniline  is  readily 
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•converted  by  bromine-water  into  tribromoaniline.    Moreover,  the 
iunines  are  much  more  readily  oxidized  than  the  hydrocarbons. 

By  means  of  an  alkyl  halide,  the  hydrogen  atoms  in  the  amido- 
group  of  the  primary  aromatic  amines,  like  those  in  the  amido- 
group  of  the  primary  aliphatic  amines,  can  be  replaced  by  an  alkyl- 
group: 

CoH^.NH,  +  CH3I  =  CcH5.NH(CH3).HI. 

Secondary  and  tertiary  bases  and  also  strongly  basic  quaternary 
ammoniimi  bases,  such  as  CeH5-N(CH8)8-OH,  are  known. 

The  anilides  are  derivatives  of  aniline,  CeHg-NH,,  and  its  homo- 
logues;  they  are  acid  amides,  in  which  one  amido-hydrogen  atom 
is  replaced  by  a  phenyl-group.  Acetanilide,  CeHg-NH^COCHj, 
employed  as  a  febrifuge  under  the  name  "  antifebririe,"  is  a  type  of 
these,  compounds.  The  anilides  are  produced  by  boiling  aniline 
with  the  corresponding  acid;  acetanilide  is  obtained  by  heating 
aniline  with  glacial  acetic  acid : 


C,H5»NH|H  +  HOIOC'CH,  =  CaHg-NH-COCH,  +  H,0. 

Mensohutkin  found  that  the  velocity  of  formation  of  acetanilide 
is  much  less  for  an  excess  of  aniline  than  for  an  excess  of  glacial 
acetic  acid,  although  on  theoretical  grounds  the  velocity  of  formation 
should  be  the  same  in  both  cases;  for  at  each  moment  it  should  be  pro- 
portional to  the  product  of  the  concentrations  of  the  glacial  acetic 
acid  (c)  and  of  the  aniline  {&),  being  therefore  expressed  by 

s  =  k-ocfj 
in  which  k  is  constant. 

.  The  difference  between  theory  and  experiment  can  be  variously 
explained;  for  instance,  on  the  ground  that  the  Reaction  in  the  two 
cases  takes  place  in  different  media.  The  important  influence  of  the 
medium  has  been  mentioned  (71). 

Aldehydes  react  with  aromatic  amines  with  elimination  of  water : 


H 


HaC  0  +  g 


HNCjH  _  XT  p^ NHCjH,  ,  TT  pv 


Fonnaldehyde  MethyleDedlphenyldiamlne 

Primary  aromatic  amines  show  the  carbylamine  reaction;  with 
nitrous  acid  they  yield  diazonium  compounds  (S02). 
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Aniline. 

283.  Aniline  was  first  obtained  by  the  dry  distillation  of  indigo 
{anil) ;  hence  its  name.  It  is  manufactured  by  the  action  of  hydro- 
chloric acid  and  iron-filings  on  nitrobenzene  contained  in  a  cast-iron 
cylinder  fitted  with  a  stirring-apparatus  : 

CeHsNOa  +  3Fe  +  6HC1  =  CeH^NH,  +  2H,0  +  3Fe6l,. 

It  IS  remarkable  that  in  this  process  only  about  one-fortieth  of  the 
hydrochloric  acid  required  by  the  equation  is  needed  for  the  reduc- 
tion. This  is  probably  because  iron-filings  and  water  are  able  to 
effect  the  reduction  in  presence  of  ferrous  chloride.  Lime  is  added 
as  soon  as  the  reduction  is  complete,  and  the  aniline  is  distilled  with 
steam. 

Aniline  is  also  obtained  by  the  electro-reduction  of  nitro-benz- 
ene  (292). 

Aniline  is  a  colourless  liquid,  and,  unless  perfectly  pure,  tums^ 
brown  in  the  air,  the  colour  change  being  probably  due  to  the  pres- 
ence of  traces  of  sulphur  compounds.  It  is  only  slightly  soluble  in 
water;  it  boils  at  189®,  and  has  a  specific  gravity  of  1  «024  at  16°.  It 
can  be  reconverted  into  nitrobenzene  by  certain  oxidizing-agents, 
various  intermediate  products,  such  as  nitrosobenzene,  C^Hg-NO, 
being  obtained.  Aniline  undergoes  oxidation  somewhat  readily; 
the  compounds  thus  obtained  will  be  described  later  (289). 

An  aqueous  solution  of  free  aniline  gives  a  deep-violet  colouration 
with  bleaching-powder  solution;  an  aniline  salt  in  acid  solution  is 
coloured  dark-green  to  black  by  potassium  dichromate.  These 
two  reactions,  and  that  with  wood  (230),  serve  as  tests  for  aniline. 
The  bleaching-powder  reaction  is  particularly  delicate. 


Homolognies  of  Aniline. 

Ortho-toZwitfin^  and  parartoZuidine,  CH3'CflH4«NH2,  are  formed 
by  the  reduction  of  the  corresponding  nitro-compounds;  the  artho' 
compound  is  a  liquid,  B.P.  199  «4°;  the  paro-compound  is  solid, 
M.P.  42-5*'.  The  different  solubilities  of  their  oxalic-acid  salts 
are  made  use  of  to  separate  them. 
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m-Toluidine  can  only  be  obtained  indirectly.  p-Toluidine  is  con- 
Terted  into  its  aoetyl-deriyatiYe,  OHfO«H«-NHOtHtO,  which  on 
nitration  yields 

OH, 

IJno. 

NHCjHjO 

The  aoetyl-gronp  in  this  compound  is  split  off  by  boiling  with  hydro- 
chloric acid,  after  which  the  amido-group  is  eliminated  by  the  method 
described  in  808,  8.  On  reduction,  the  fn-nitrotoluene  thus  formed 
yields  m-toluidine. 

The  monoamino-derivatives  of  the  xylenes  are  called  xylidines. 
Six  isomers  are  possible,  due  to  differences  in  the  relative 
positions  of  the  methyl-groups  and  the  amido-group  in  the 
ring.  Some  of  the  toluidines  and  the  xylidines  are  employed  in 
making  aniline  dyes,  and  are,  therefore,  manufactured  in  large 
quantities. 

Secondary  Amines. 

284.  Diphenylamine,  CeHj  •  NH  •  C0H5,  is  a  type  of  the  true 
secondary  aromatic  amines.  They  are  formed  by  heating  the 
hydrochlorides  of  the  primary  amines  with  the  free  amines : 

CeHjNHa-HCI  +  H|HNC,H5  =  NH,C1  +  HNCCeH^),. 

Diphenylamine  can  also  be  obtained  by  the  action  of  bromobenzene 
on  potassium  anilide,  C^R^  •  NHK. 

Diphenylamine  is  a  solid,  M.P.  54® ;  it  has  an  agreeable  odour, 
resembling  that  of  some  flowers. 

Diphenylamine  is  a  very  sensitive  reagent  for  the  detection  of 
nitric  acid,  liquids  containing  which  produce  a  deep-blue  colour  witb 
its  solution  in  concentrated  sulphuric  acid.  This  reaction  can  only 
be  used  to  detect  nitric  acid  in  the  absence  of  other  oxidiziug-sub^ 
stances,  such  as  bromine-water,  permanganate,  etc.,  with  many  of 
which  diphenylamine  also  gives  a  blue  colouration. 

The  method  of  formation  of  the  mixed  aromatic-fatty  amines^ 
such  as  methylaniline,  CeH«-NH-CH,^  has  been  abready  indicated 
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(282).  The  action  of  the  alkyl  iodide  upon  aniline  does  not  result 
in  the  substitution  of  only  one  hydrogen  atom  of  the  amido-^oup 
by  an  alkyl-group,  so  that  a  mixture  of  the  unchanged  primary 
and  the  secondary  and  tertiary  amines  is  usually  formed.  The 
secondary  amine  is  obtained  pure  by  first  replacing  one  hydrogen 
atom  of  the  amido-group  by  an  acid-radicle,  such  as  acetyl, 
and  subsequently  treating  the  acetyl-derivative  with  an  alkyl 
iodide. 

To  prepare  such  a  compound  as  methylaniline,  for  example,  ani- 
line is  first  converted  into  acetanilide,  CeHj-NH-COCHs,  by  boiling 
with  glacial  acetic  acid.  The  hydrogen  atom  which  is  linked  to 
nitrogen  in  this  compound  can  be  replaced  by  sodium,  yielding 
CeHj'NNa-COCHj,  which  on  treatment  with  methyl  iodide  jields 
methylacetanilide,  C^Hg  •  N(CH3)  •  COCH3.  Saponification  with  alka- 
Us  converts  this  compound  into  monomethylaniline. 

The  secondary  aromatic  amines,  like  those  of  the  fatty  series, 
are  readily  converted  by  nitrous  acid  into  nitrosamines,  such  as 

nitrosamethylaniline,  Cfi^'N<^^  .     On   careful  reduction,  these 


re- 


nitroso-compounds  yield  hydrazines,  C^Hj  •  N  <  p    2  ^  on  energetic 

duction,  for  example  with  tin  and  hydrochloric  acid,  the  NO-group 
is  split  off,  and  the  secondary  amines  regenerated. 


Tertiary  Amines. 

286.  Triphenylaminef  (CJB[^)^N,  is  an  example  of  the  true  aro- 
matic tertiary  amines,  only  a  few  of  which  are  known.  It  is  ob- 
tained by  the  action  of  sodium  and  bromobenzene  on  diphenylamine, 
and  is  a  solid,  melting  at  127^.    It  has  not  a  basic  character. 

PIT 

Dimethylaniline,  CeH5-N<QTT*,  is  the  most  important  member 

of  the  series  of  mixed  aromatic-fatty  tertiary  amines.  They  can  be 
obtained  by  the  action  of  alkyl  halides  upon  anilines,  but  are  manu- 
factured by  heating  the  hydrochloride  of  aniline  with  alcohol,  a 
method  in  which  alkyl  halides  react  in  the  nascent  state.  Methyl 
alcohol  and  hydrochloric  acid  yield  methyl  chloride,  which  then 
reacts  with  the  aniline. 

On  heating  the  hydrochloride  of  an  alkyl-aniline  at  180^,  in  a 


TERTIARY  AMINES.  373 

current  of  hydrochloric-acid  gas,  the  alkyl-groups  are  split  off,  with 
formation  of  aniline  and  alkyl  chlorides.  When  the  hydrochlorides 
of  the  alkyl-anilines  are  strongly  heated,  the  alkyl-groups  linked  to 
nitrogen  are  transferred  to  the  benzene-ring;  this  can  be  explained 
by  assiiming  that  decomposition  into  alkyl  chloride  and  aniline  first 
takes  place  as  just  described : 

1.  C«H,-NH(C2H5)HC1  =  C«H,-NH3  +  Cja^Cl 

This  is  then  followed  by  the  reaction  indicated  in  equation  II: 
11.  C.H5-NH,  +  CjHsCl  =  C«H,<^^»jj^j- 

These  reactions  explain  the  formation  of  the  hydrochloride  of 
p-toluidine,  by  the  interaction  of  methyl  alcohol  and  aniline  hydro- 
clüoride  at  a  high  temperature.  By  this  process  it  is  possible  to 
obtain  eyenperUamethylatninobenzene,  Cc(CH3)5NH2. 

Dimethylaniline  and  other  dialkyl-anilines  possess  the  remark- 
able property  of  having  their  7>-H-atom  readily  replaceable  by  differ- 
ent groups.    Thus,  dimethylaniline  reacts  readily  with  nitroys  acid, 

with  formation  of  nürosodimethylanüine,  0N<^     ^N(CH3)2,  effected 

by  the  addition  of  potassium  nitrite  to  the  solution  of  the  tertiary 
base  in  hydrochloric  acid.  This  nitroso-compound  crystallizes 
in  well-defined  leaves  of  a  fine  green  colour.  It  melts  at  85°, 
and  yields  a  hydrochloride  crystallizing  in  yellow  needles.  On 
oxidation  with  potassium  permanganate,  the  nitroso-group  is  con- 
verted into  a  nitro-group,  with  formation  of  ih-nürodimethylanüine, 

On  boiling  with  caustic  soda,  the  amido-group  of  nitrosodi- 
methylaniline  is  completely  split  off,  with  formation  of  dimethyl- 
amine  and  nitrosophenol: 

CJH,<5^^»>»+  H,0  -  C,H,<gg+  HN(CH,),. 

Nitrosophenol. 

This  reaction  is  employed  in  the  preparation  of  pure  dimethyl- 
amine  (72). 
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The  p-hydrogen  atom  of  dimethylaniline  can  react  with  sab- 
stances  other  than  nitroiis  acid;  thus,  aldehydes  readily  yield  a 
condensation-product: 


C,H,CH 


0  +  g 


n  H  Nfm*!'=  C,H,.CH[C^N(CHOJ,. 


C,H,N(CH,), 


The  constitution  of  this  compound  is  deduced  from  its  relation  to  tri- 
■phmylmetkane,  CHCCjHs),  (366).  With  dimethylaniline,  carbonyi 
chloride  yields  a  p-derivative  of  benzophenone,  C,^'CO*C^: 


a  +  H 


CO 
\ 


a  +  H 


C.H,N(CH,),      ,X}ja:,N(C!H.), 

=  CO  ,  +  2Ha 

C^,-N(CH^,       \C,H,-N(CH,), 


When  dimethylaniline,  and  other  analogous  tertiary  amines,  are 
treated  with  hydrogen  peroxide  at  60°-70*',  they  )rield  compoimds 

CA-N(CH,)„ 
such  as  dimethylaniline  oxide,  II  whose  constitution 

0 
follows  from  its  being  readily  reducible  to  dimethylaniline. 


ftnatemary  Bases. 

286.  Quaternary  bases  are  formed  by  the  addition  of  alkyl 
halides  to  the  tertiary  aromatic-fatty  amines,  and  treatment  of  the 
salts  thus  formed  with  moist  silver  oxide.  These  substances  are 
strong  bases.  On  heating,  they  split  up  into  an  alcohol  and  a 
tertiary  amine,  wherein  they  differ  from  the  aliphatic  ammonium 
bases  (73). 

Attempts  have  been  made  to  split  up  the  qaateraary  ammonium 
bases  containing  four  dissimilar  gronps  into  optically  active  components. 
These  compounds  of  the  type  NRiRtRtR«X,  in  which  X  is  an  acid- 
radicle,  would  owe  their  optical  activity  to  the  presence  of  an  asymr 
metric  nitrogen  atom.  This  decomposition  has  been  recently  effected 
by  Pope.    BemylphenytaUylmethylammonium  hydroxide^ 

HO.N(0H,C.H0(C.H»)(C,H.)(OHi), 
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united  with  the  strongly  optically  active  ef-camphorsulphonic  acid ; 
the  salt  obtained  is  fractionally  crystallized  from  acetone,  a  solvent 
which  is  not  so  likely  to  decompose  it  into  alcohol  and  tertiary  base  as 
solvents  containing  a  hydrozyl-group.  By  this  means  the  base  can  be 
split  up  into  its  dextro-rotatory  and  Isvo-rotatory  components.  A 
complete  demonstration  of  the  position  and  direction  of  the  bonds  of 
the  pentavalent  nitrogen  atom  has  not  yet  been  given. 

That  certain  tertiary  amines  possess  the  property  of  forming 
addition-products  with  alkyl  halides,  while  others  do  not,  is  probably 
also  explicable  on  stereochemical  grounds.  Thus,  to  account  for  the 
fact  that,  although  triphenylamine  and  diphenylmethylamino  do  not 
form  addition-products  with  methyl  iodide,  tribenzylamine  is  capable 
of  doing  so,  it  is  assumed  that  the  phenyl-groups  of  the  two  former 
compounds  are  so  situated  in  relation  to  the  nitrogen  atom  that  no 
space  is  left  for  OHtl  to  approach  it.  If,  however,  the  three  benzene, 
nuclei  of  triphenylamine  are  removed  to  a  distance  from  the  N-atom 
by  the  introduction  of  three  OHs-groups,  as  in  tribenzylamine,  suffi- 
cient space  is  left  for  CHsI  to  approach  the  N-atom. 

Benzylamine,  CeH^- CH,- NH,. 

287.  Benzylamine  is  a  type  of  the  amines  with  NH,  in  the 
side-chain.  It  can  be  obtained  by  the  various  methods  employed 
in  the  preparation  of  aliphatic  amines,  such  as  the  action  of  benzyl 
chloride  upon  ammonia,  by  which  dibemylamine  and  tribenzylamine 
are  also  formed;  addition  of  hydrogen  to  benzonitrile,  CeHj'CN; 
reduction  of  phenylnitromethane,C6H5-CH,'N02;  etc.  Its  methods 
of  formation  and  its  properties  prove  that  benzylamine  belongs  to 
the  primary  amines  of  the  fatty  series:  thys,  it  does  not  yield  dia- 
zonimn  compounds;  and  its  aqueous  solution  has  a  strongly  alkaline 
reaction,  proving  it  to  be  a  much  stronger  base  than  aniline,  in 
which  the  NHj-group  is  under  the  direct  influence  of  the  phenyl- 
group. 

Benzylamine  is  a  liquid  of  ammoniacal  odour;  it  boils  at  185°, 
is  volatile  with  steam,  and  has  a  specific  gravity  of  0*983  at  19°. 
It  absorbs  carbon  dioxide  from  the  air.  « 

Carbonic  Aoid  Deriyatiyes  of  Aniline. 

SS9.  Only  a  few  of  the  numerous  compounds  of  this  class  can  be 
described  here.  Phenyluret?ume,  0«H»-NH-00<00tH»,  is- formed  by 
the  interaction  of  chlorocarbonic  ester  and  aniline  ;  it  is  a  solid,  and 
melts  at  62**.     When  distilled  with  phosphorus  pentozide,  it  yields 
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phenyl  isoeyanaUy  CtH»*N:0:0,  a  colourless  liquid  prodnctive  of 
tears,  which  boils  at  166"*.  It  is  sometimes  employed  in  the  detection 
of  OH-groups  or  NHs-gronps  in  compounds,  since  in  presence  of 
these,  substituted  urethanes  and  urea  respectively  are  obtained.  With 
water  it  yields  symmetrical  diphenylurea,  CO(NH*CtH0i)  a  crystalline 
substance  melting  at  285**  (S68). 

Sulphnr  Derivatives  of  Aniline. 

Sulphur  derivatiyes  of  aniline,  similar  to  the  componnds  described 
in  245  and  S55,  are  also  known.  One  of  these  is  phenyl  mustard-inl, 
CeH(-  N :  0 :  S,  which  boils  at  222''.  It  is  obtained  by  boiling  diphenyU 
thiourea^  OS(NH*CeHs)„  with  hydrochloric  acid  :  diphenylthiourea 
itself  is  formed  by  heating  carbon  disulphide  with  aniline: 

OS,  +  2H,N.0eHB  =  H,S  +  OS(ira.O,H^,. 

Vm.    UrTBSXZDIATB  FB0DV0T8  IK  THE  BEDVCHOK  OP  ABOXATIC 
HITBO-COXFOÜKBS. 

289.  On  reduction,  the  nitro-compounds  of  the  aliphatic  series 
yield  amines  directly,  from  which  the  alkyl-groups  are  split  off  by 
oxidation;  ethylamine,  for  example,  is  converted  into  acetic  acid 
and  ammonia.  In  the  aromatic  series,  on  the  other  hand,  interme- 
diate products  can  be  obtained  both  in  the  reduction  of  nitro-com- 
poimds,  and  sometimes  also  in  the  oxidation  of  the  amines.  Only 
the  compoimds  derived  from  nitrobenzene  and  aniline  will  be 
described  here,  although  numerous  substitution-products  of  the 
same  type  are  known. 

In  acid  solution,  the  nitro-compoimds  are  directly  reduced  to 
the  corresponding  amino-derivatives,  bjut  in  alkaline  solution  yield 
substances  containing  two  benzene-residues.  Nitrobenzene  yields 
in  succession 

1.  Nitro-compound  CeH-NOj    OjN'CeH^ 

2.  Azoxy-compound  CeHg'N ^N'CeH, 

3.  Az6-compoimd  C«H5'N=N*CeH^ 

4.  Hydrazo-compound  CeH^-NH— NH'CeH; 

5.  Amino-compound  CeH^-NH,    H,N-CeH, 

S90.  Azoxyhenzene  is  obtained  by  boiling  nitrobenzene  with 
alcoholic  potash,  and  is  also  formed  in  the  oxidation  of  aniline  with 
potassium  permanganate  in  alcoholic  solution.    It  forms  light-yellow 
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crystals  melting  at  86*".    When  warmed  with  concentrated  snlphuric 
acidy  it  is  transformed  into  hydroxyazcbenzene : 

\q/  Bydroxyaaobenieoe 

It  is  readily  attacked  by  Tarions  redacing-agents. 

291.  Azobemene,  C^Hj  •  N :  N  •  CeHj,  is  formed  by  the  reduction  of 
nitrobenzene  with  a  solution  of  stannous  chloride  in  excess  of  caustic 
potash,  and  also  by  distilling  azoxybenzene  with  iron-filings.  It 
is  produced  along  with  azoxybenzene  by  the  oxidation  of  aniline 
with  potassium  permanganate. 

Azobenzene  forms  well-defined,  orange-red  crystals,  melting  at 
68®,  and  boiling  without  decomposition  at  295°.  It  is  a  very  stable 
compoimd,  and  is  insoluble  in  water.  Its  constitution  follows 
from  its  yielding  aniline  on  reduction. 

Hydrdzobemene,  C^Hg'NH — NH'C^jHj,  is  formed  by  the  action 
of  zinc-dust  and  alcoholic  potash  upon  azobenzene  or  nitro- 
benzene. It  is  a  colourless,  crystalline  substance,  and  melts  at  126°. 
Strong  reducing-agents  convert  it  into  aniline;  on  the  other  hand, 
it  is  readily  oxidized  to  azobenzene,  this  transformation  being 
slowly  effected  by  atmospheric  oxygen.  It  is  also  oxidized  to  the 
azo-compound  by  ferric  chloride. 

The  most  characteristic  reaction  of  hydrazobenzene  is  its  con- 
version into  benzidine,  whereby  the  benzene-nuclei  are,  as  it  were, 
turned  end  for  end;  this  is  effected  by  the  action  of  strong  acids : 

{c7)nH— NH^rT)  ->  H^CeH,— C^/NH,. 

Hydracobeniene  Bensidine 

That  a  diaminodiphenyl  is  thus  formed  is  proved  by  the  conversion 
of  benzidine  into  diphenyl,  CeHj-CaH^.  The  amido-groups  occupy 
the  paro^positions : 

By  reducing  azobenzene  in  acid  solution,  benzidine  is  formed 
directly.  It  is  characterized  by  the  sparing  solubility  in  cold  water 
of  its  sulphate. 
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The  amido-groups  in  benzidine  are  proTed  in  yarions  ways  to 
occupy  the  ^ro-poeition ;  for  example,  a  hydrazobenzene  whoee 
p-hydrogen  atoms  haye  been  substituted  cannot  be  converted  into 
benzidine.  In  certain  instances  compounds  of  this  kind  can  undergo 
a  remarkable  intramolecular  transformation,  known  as  the  semidineF- 
transformation,  forming  derivatives  of  diphenylamine  by  the  turning 
of  only  one  of  the  benzene-nuclei : 

l>*Aoetamidoh7draxobenzene  i)-Aminopheiiyl-p-acetaiiiido- 

phenyUmine 


Electro-reduction  of  Vitro-componnds. 

292.  There  is  reason  to  believe  that  in  the  future  electric 
methods  will  be  used  more  and  more,  for  the  electric  current  affords 
a  means  of  varying  the  pressure  and  concentration  of  the  com- 
pounds taking  part  in  reactions  in  the  preparation  of  organic 
compounds,  which  is  not  otherwise  attainable.  By  its  aid  it  is  pos- 
sible to  effect  new  syntheses  or  to  improve  those  already  known. 
An  explanation  of  the  mode  of  altering  this  pressure  and  concentra- 
tion is  necessary  here. 

It  was  stated  (268)  that  alteration  in  the  difference  of  potential 
of  the  electrodes  causes  considerable  variation  in  the  pressure  at 
which  the  discharged  ions  leave  the  solution.  In  reduction- 
processes  the  same  effect  is  attained  by  using  different  reducing- 
agents.  When  a  compound  yields  a  series  of  intermediate  products 
on  treatment  with  different  reducing-agents  of  increasing  strength, 
this  can  also  be  effected  by  increasing  the  potential  at  the  cathode, 
where  hydrogen  is  evolved. 

Regarding  variation  in  the  concentration,  it  must  be  remem- 
bered that  the  electrolytic  process  takes  place  only  in  the  inmiediate 
neighbourhood  of  the  electrodes.  When  the  surface-area  of  the 
electrodes  is  altered,  the  strength  of  the  current  remaining  the  same, 
the  number  of  ions  discharged  at  unit  surface  varies  in  direct  pro- 
portion; it  is  therefore  possible,  by  selecting  suitable  electrodes,  to 
cause  the  concentration  of  the  ions  discharged  at  them  to  var}^ 
within  wide  limits.  The  "strength"  of  the  reducing-agent  depends 
upon  the  difference  of  potential,  but  its  concentration  is  controlled 
by  the  density  of  the  current  (168).    In  reactions  in  which  the 
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discharged  ions  must  act  on  one  another,  as  in  the  S3mthesis  of 
dibasic  acids  {loc.  cU,),  a  current  of  high  density  is  necessary;  on 
the  other  hand;  in  reductions  which  must  take  place  as  far  as  pos- 
sible at  all  parts  of  the  liquid,  large  cathodes,  which  give  a  current  of 
small  density,  must  be  used. 

On  reduction,  the  nitro-compounds  ultimately  yield  amines,  but 
a  number  of  intermediate  reduction-products  can  be  isolated.  For 
this  reason  the  electro-reduction  of  nitrobenzene  and  its  derivatives 
is  of  both  theoretical  and  practical  importance;  it  has  been  found 
possible  to  give  a  complete  and  satisfactory  explanation  of  the 
mechanism  of  this  process. 

A  distinction  must  be  drawn  between  primary  and  secondary 
reduction-products.    The  primary  process  is 

C«H,N02  ->  CeHg-NO  ->  CeHe'NHOH  ->  CeH^-NH^. 

MirobeDxene       Nitroeobeiizene       Phenylhydroxyl.  Aniliue 

amine 

The  presence  of  nitrosobenzene  can  be  detected  by  the  addition 
of  hydroxylamine  to  the  liquid,  with  which  it  reacts  with  loss  of 
one  molecule  of  water,  and  formation  of  diazonium  hydroxide, 
OjEft •  N, •  OH ;  on  adding  a-naphthol,  an  azo-dye  is  produced  (820) .  The 
formation  of  phenylhydroxylamine  can  be  proved  by  adding  benzal- 
dehyde,  with  which  it  yields  benzylidenephenylhydrozylamine : 

Cellj.NHOH  +  OCHCeHj  =  H,0  +  CeHg-N CH-CeHs. 

Benzaldefayde  \y 

On  rapid  reduction  of  nitrobenzene  dissolved  in  moderately  con- 
centrated sulphuric  acid,  with  addition  of  alcohol  to  increase  the 
solubility,  the  primary  process  just  described  takes  place,  about 
90  per  cent,  of  the  theoretical  yield  of  aniline  being  obtained.  In  a 
strongly  acid  solution,  however,  the  phenylhydroxylamine  is  very 
quickly  converted  into  p-aminophenol: 

CeH,-NHOH  ->  HOCeH^-NH,. 
This  substance  is  not  further  reduced.  Since  phenylhydroxylamine 
undergoes  the  same  transformation,  though  much  more  slowly,  in 
presence  of  more  dilute  acid,  it  is  evident  that  in  the  latter  case 
the  theoretical  yield  of  aniline  cannot  be  quite  obtained,  even  when 
the  velocity  of  reduction  is  gteat. 

In  alcoholic-alkaline  solution  the  electro-reduction  of  nitro- 
benzene is  accompanied  by  two  secondary  processes. 

1.  Nitrosobenzene  reacts  with  phenylhydroxylamine,  yielding 
azoxy  benzene: 
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CeH^NHOH  +  CeH^NO  =  CeH^N NCA  +  H,0. 

o 

In  presence  of  alkali  this  reaction  proceeds  much  more  quickly  than 
the  further  reduction  of  phenylhydroxylamine,  so  that  only  small 
quantities  of  aniline  are  formed,  and  higher  reduction-products 
of  azoxybenzene,  chief  among  these  being  hydrazobenzene,  obtained 
as  the  main  part  of  the  yield. 

2.  Hydrazobenzene  is  attacked  by  the  unreduced  nitrobenzene 
with  formation  of  azobenzene  and  azoxybenzene: 

SCeHs-NHNHC^H,  +  2CeH,N0,  =  SCeH^-NzN-CeH^  + 

+  CeH,N NCeH^  +  3H,0. 

\/ 
0 

Since  hydrazobenzene  in  alkaline  solution  is  quickly  oxidized  by 

atmospheric  oxygen  to  azobenzene,  the  yield  of  the  latter  is  very 

good. 

A  much  higher  tension  is  required  at  the  cathode  to  reduce 
hydrazobenzene  to  aniline,  so  that  in  alkaline  solution  the  reduc- 
tion-process ceases  with  the  production  of  the  former. 

Haber  has  combined  all  these  primary  and  secondary  reactions 
in  the  following  scheme,  the  vertical  arrows  indicating  primary,  and 
the  oblique  ones  secondary,  reactions: 

X,H,NO, 

^C.H.NO 
Ce  H5 .  N :  N  Q  H.        ^^  ^^^  ^^^  ^^  ^^ 

O 


CHg-NHQH 
CjHj-NH-NHC.Hj 


C,H;NH, 

FlO.  72.— HaBER'B  ELECTBO-REDUCnON  SCHEMR. 
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Phosphorus  and  Arsenic  Deriyatiyes. 

898.  Compounds  of  phosphorus  and  arsenic  with  aromatic  hydro- 
carbons, and  having  constitutions  similar  to  those  of  the  nitro-com* 
pounds,  azo-compounds,  and  amiuo-compounds,  are  known. 

Phosphitwbetjzene,  OeHg-PO,,  cannot  be  obtained  analogously  to 
nitrobenzene,  by  the  interaction  of  metaphosphoric  acid  and  benzene. 
It  is  prepared  by  the  action  of  ph&iiylphosphinic  acid  upon  its  chloride: 

CeHj.POCOH),  +  CeHj.POCl,  =  2C.H5.PO,  +  2Ha. 
Phenylphosphinio  Chloride 

acid 

It  is  a  white,  crystalline,  odourless  powder. 

Phenylphosphine,  CeHj.PH,,  is  obtained  by  distillmg  phaspTienyl 
chloride,  CjHg.PCl,,  with  alcohol,  in  a  current  of  carbon  dioxide.  It 
is  a  liquid  with  a  very  penetrating  odour.  It  cannot  be  obtained  by 
the  reduction  of  phosphinobenzcne. 

PTiosphobemene,  CeHg-PiP-CeH^.  is  obtained  by  treating  phenyl- 
phosphine  with  pbosphenyl  chloride : 

C,H,.P|CI,  -f  HjP-CeHs  =  C^H^.P :  P-CeH^  +  2HC1. 
It  is  a  pale-yellow  powder,  insoluble  in  water,  alcohol,  and  ether.    It 
is  energetically  oxidized  by  weak  nitric  acid,  forming  phospTienylous 

acid,    OP^H     . 
\0H 

Phosphenyl  chloride,  C^Hj-PCl,,  the  starting-point  in  the  prepara- 
tion of  these  and  other  aromatic  phosphorus  derivatives,  can  be  pre- 
pared, as  can  its  homologues,  by  heating  aromatic  hydrocarbons  with 
.phosphorus  trichloride  and  aluminium  chloride  under  a  reflux-con- 
denser. 

Arsincibemene,  C^Hs-AsO,,  is  obtained  by  the  elimination  of  water 
trom  pfienyïarsinic  acid,  CjH5-AsO(OH)„  under  the  influence  of  heat. 

Arsenobemene,  C^Hj^As :  As-CqHs,  is  formed  by  the  reduction  of 
phenylaraenic  oxide,  CeH^-AsO,  with  phosphorous  acid.  It  forms 
yellow  needles,  and  is  converted  by  oxidation  into  phenylarsinic  acid 
CeHj.AsOCOH),. 

Comparif  on  of  tho  Aromatic  I^orivatives  of  Kitrogen,  Fhosphomi,  and 

Arsenio. 

294.  The  following  compounds  are  known : 

CeHsNO,  CeH,.N,.C,H5  C.H^.NH, 

Nitrobenzene  Azoben^ne  Phenylamine 

0,H.PO.  C,H..P,.C,H,  C.H.PH, 

Phosphinobenaeoe  Phospbobenaene  Fbenylphoephlne 

C.Hj.AsO,  C.HjAsj.CeHj 

AninobeDsene  Arsenobenaene 
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Substances  in  the  first  column  may  be  looked  upon  as  derived  from 
the  77»€to- acids,  HO- NO,,  HO.PO,/HO- AsO„  by  exchange  of  hydroxyl 
for  phenyl,  and  hence  cannot  have  acidic  properties.  The  nitrogen  acid, 
HjNO^,  or  ON(OH)s,  corresponding  to  phosphoric  acid,  HjPO^,  and 
arsenic  acid,  HjAsO^,  is  not  known,  and  accordingly  nitrobenzene  does 
not  unite  with  water,  while  phosphinobenzene  and  arsinobenzene  yield 
the  corresponding  acids,  phenylphosphinic  acid,  CjHj.POCOH),,  and 
phenylarsinic  acid,  C^ITg-AsOCOH),.  Phosphoric  acid  does  not  yield 
P2O5  on  heating;  arsenic  acid  yields  A&fi^.  Similarly,  phosphino- 
benzene cannot  be  obtained  by  heating  phenylphosphinic  acid,  while 
phenylarsinic  acid  is  converted  into  arsinobenzene  by  this  treatment. 

The  methods  of  formation  of  the  compounds  of  the  second  column 
also  differ  greatly  from  one  another.  They  are  all  coloured,  the  most 
deeply  tinted  being  azobenzene.  Nitrobenzene  and  arsinobenzene 
yield  azobenzene  and  arsenobenzene  on  reduction ;  the  oxygen  of 
phosphinobenzene  is  too  firmly  linked  to  phosphorus  to  admit  of  this 
reaction.  On  reduction  with  hydrogen,  azobenzene  yields  phenylamine; 
chlorine  converts  phosphobenzene  and  arsenobenzene  into  the  corre- 
sponding chlorine  derivatives,  CjHj.PCl,  and  CjHj.AsOl,. 

The  difference  between  the  two  compounds  in  the  last  column  is 
due  to  the  strong  affinity  between  phosphorus  and  oxygen.  Aniline 
cannot  be  oxidized  to  an  acid,  while  phenylphosphjne  is  very  readily 
converted,  even  by  the  oxygen  of  the  atmosphere,  inio  phenylphos- 
phi7ioHS  acidy  C^U^VO^B^, 

Aromatic  Metallic  ComponndB. 

895.  Mercury,  tin,  lead,  and  magnesium  are  the  only  metals  which 
yield  aromatic  compounds,  and  these  are  of  much  less  importance  than 
the  metallic  compounds  of  the  fatty  series.  Mercury-phenyl^  HgCOeHj),, 
is  obtained  by  the  action  of  sodium  amalgam  upon  bromobenzene.  It 
is  crystalline,  and  resembles  the  corresponding  alkyl-derivatives  in  its 
stability  when  exposed  to  air.  When  its  vapour  is  passed  through  a 
red-hot  tube,  it  splits  up  into  mercury  and  diphenyl;  the  same  effect 
is  partially  produced  by  its  distillation.  When  mercury  acetate  is 
heated  with  benzene  at  110',  there  results  phenylmercury  acetate, 
OjHg.Hg.OOC-CHj,  the  acetic  acid  salt  of  the  base  phenylmercury 
hydroxide,  CeH5.Hg.OH. 

Aromatic  magnesium  compounds  are  referred  to  in  878. 
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Benzoic  Acid,  C0H5COOH. 

Benzoic    acid   can  be   prepared   by  a   great  variety  of 
methods,  of  which  the  most  important  will  be  described. 

1.  By  the  oxidation  of  any  aromatic  hydrocarbon  with  a  side- 
chain: 

CeHg  •  CnHjn  + 1  — >  CeHg  •  COOH. 

Toluene  is  specially  serviceable  for  this-  purpose,  since  it  can  be 
readily  obtained.  In  the  manufacture  of  benzoic  acid,  toluene  is 
not  directly  oxidized,  but  is  treated  at  its  boiling-point  with  chlorine. 
Bemotrichioride,  CeHg'CXls,  is  first  formed,  and  on  heating  with 
water  is  converted  into  benzoic  acid : 


CI       H 
CH^-CCl  +  H 
CI      H 


OH 

OH  -  HjO  =  CeH,-COOH  +  SHQ. 

OH 


Benzoic  acid  thus  prepared  often  contains  traces  of  cUorobemoic 
öcid,  CeH,Cl-GOOH. 

2.  By  the  oxidation  of  aromatic  alcohols  or  aldehydes,  such  as 

benzyl  alcohol,  C^H^'CHjOH,  or  benzaldehyde,  CeH^C^Q  ;  also  by 

the  oxidation  of  alcohols,  aldehydes,  or  ketones  with  longer  side- 
chains;  in  fact,  from  all  compounds  containing  a  side-chain  with 
one  carbon  atom  directly  linked  to  the  benzene-nucleus. 

3.  By  the  introduction  of  the  nitrile-group  into  the  benzene- 
nucleus,  and  hydrol3rsis  of  the  bemonitrüe,  CeH^'CN,  thus  formed. 
The  introduction  of  the  nitrile-group  can  be  effected  in  two  ways. 

(a)  By  diazotizing  aniline,  and  treating  the  diazonium  salt  with 
potassium  cyanide  (303,  5). 

(6)  By  distilling  sodium  benzenesulphonate  with  potassium 
cyanide: 

C,H,SO,K  +  KCN  =  CeHj-CN  +  K^O,. 
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4.  By  the  action  of  carbon  dioxide  and  sodium  on  bromoben- 
zene,  whereby  sodium  benzoate  is  formed : 

CeHjBr  +  CO,  +  2Na  =  NaBr  +  CoH^'CO^Na. 

5.  By  the  action  of  varioxis  derivatives  of  carbonic  acid,  instead 
of  carbon  dioxide  itself,  upon  benzene,  substances  readily  convert- 
ible into  benzoic  acid  being  formed. 

(a)  Benzene  and  carbonyl  chloride  react  together  in  presence  of 
aluminium  chloride,  with  formation  of  benzoyl  chloride,  the  chloride 
of  benzoic  acid,  and  hydrochloric  acid: 

CeHJH  +  Cll'COa  =  CeHgCOCl  +  Ha. 

Bensojl  chloride 

Benzoyl  chloride  is  readily  converted  into  benzoic  acid  by  treat- 
ment with  water. 

(6)  Benzene  and  aluminium  chloride  react  with  carbamic 
chloride,  Cl'CONHj  (formed  by  passing  carbonyl  chloride  over 
heated  ammonium  chloride),  yielding  benzamide,  the  amide  of 
benzoic  acid: 


CeHs[H  +  Cl|.C0NH3  =  CeH^-CONHj  +  HQ. 

Benzamide 

(c)  Bromobenzene  is  converted  by  sodium  and  chloro-carbonic 
ester  into  benzoic  ester: 


CeHjIBr  +  Ca 

+  Na    Na 


•COOCaHs  ^  CeH^-COOCjH,  +  NaQ  +.NaBr. 


Benzoic  acid  is  a  constituent  of  many  natural  resins  and  balsams, 
such  as  gum-benzoin  and  Peru  and  Tolu  balsam.  It  is  also  present 
as  hippuric  acid  (200)  in  the  urine  of  horses.  It  was  formerly  pre- 
pared principally  from  gum-benzoin,  from  which  source  the  benzoic 
acid  used  as  a  medicament  is  still  sometimes  obtained.  It  is  a 
white  solid,  crystallizing  in  leaf-like  crystals  melting  at  121*4®. 
It  sublimes  readily,  and  boils  at  250® ;  it  can  be  purified  by  distilla- 
tion with  steam,  with  which  it  is  readily  volatile.  Its  alkali-salts 
dissolve  easily  in  water,  while  most  of  those  with  other  bases  are 
only  soluble  with  difficulty. 
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The  solubility  curve  ("  luorganic  Chemistry,"  886)  of  benzoic  acid 
has  been  the  subject  of  careful  inyestigation,  on  account  of  its  in- 
teresting character  (Fig.  78).  The  solubility  increases  somewhat 
100  F 


o- 


FlG< 


-TEMPERATURE  90^  116°  IgL^ 

78.— SOLUBILITT  CURVE    OF    BbNZOIO    AOID    TS   WJlTJSR. 


n^pidly  with  increase  of  temperature  up  to  90**  (AB).  At  this  tem- 
perature, the  acid  melts  beneath  the  water,  so  that  two  liquids  result; 
one  is  an  aqueous  solution,  containing  11-2^  of  acid  (pointe);  the 
other  consists  principally  of  the  acid,  of  which  it  contains  95.88j< 
(point  D).  Above  this  temperature  an  effect  like  that  described  in 
74  is  produced;  the  mutual  solubility  of  these  layers  is  represented  in 
the  part  BCD  of  the  curve,  of  which  BC  corresponds  to  the  aqueous 
layer,  and  DC  to  the  acid  one.  The  composition  of  the  two  layers  be- 
comes more  and  more  alike  as  the  temperature  rises,  since  the  water 
dissolves  more  benzoic  acid,  and  the  acid  more  water:  at  116°  they  are 
identical  in  composition;  that  is,  the  liquid  has  again  become  homo- 
geneous. 

If  more  benzoic  acid  is  added  to  the  acid  layer  only,  at  OO*",  it  is  nec- 
essary to  raise  the  temperature  in  order  to  keep  all  the  acid  fused;  the 
line  BF  is  thus  obtained,  ending  at  F  at  the  melting-point  of  pure 
benzoic  acid,  121  •  4*.  DF  therefore  represents  the  melting-point  curve 
of  the  acid,  on  addition  of  increasing  amounts  of  water. 

Berivatives  of  Benzoic  Acid. 

297.  Benzoyl  chloride,  CeHg-COCl,  can  be  obtained  by  the  action 
of  phosphorus  pentachloride  or  oxychloride  upon  benzoic  acid,  or  by 
the  method  of  296,  5a;  it  is  a  liquid  of  disagreeable  odour,  and  boils 

at  194°.    It  is  manufactured  by  treating  benzaldehyde,  CeHj^CQ, 

with  chlorine.    Unlike  acetyl  chloride,  which  is  rapidly  decom- 
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posed,  it  is  very  slowly  acted  upon  by  water  at  ordinary  tempera- 
tures. 

Benzoyl  chloride  is  employed  in  the  introduction  of  the  benzoyl- 
group,  CeHg-  CO — ,  into  compounds.  This  is  readily  effected  by  a 
method  discovered  by  Baumann  and  Schotten,  which  consists  in 
shaking  up  the  substance  in  alkaline  solution  with  benzoyl  chloride. 

Bemanilide,  CgHj-CO — NH-CgHg,  is  prepared  by  dropping  small 
quantities  of  caustic  potash  and  benzoyl  chloride  into  aniline,  and  shak- 
ing the  mixture,  which  is  kept  cool.  Finally,  caustic  potash  is  added 
with  constant  shaking  until  the  smell  of  benzoyl  chloride  has  vanished. 
The  benzanilide  is  collected  on  a  filter,  and  is  obtained  perfectly  pure : 

CeH^-NHiHTcIjCOCeHs  +  KOH  =  C.Hj.NH.COCeH^  +  KCl  +  H,0. 

Benzoic  anhydride,  CjHgCO'O'COCeHj,  is  formed  by  the  inter- 
action of  a  benzoate  and  benzoyl  chloride: 

CeHs  -  CO  ■  OpNirrcil '  OCCeHs  «  NaQ  +  CoH,CO.O.COCeH5. 

At  ordinary  temperatures  it  is  very  stable  towards  water,  but  is 
decomposed  when  boiled  with  it,  yielding  benzoic  acid. 

The  formation  of  ethyl  benzoate  is  sometimes  employed  as  a  test 
for  ethyl  alcohol,  since  it  possesses  a  characteristic  peppermint-like 
odour. 

Bemamide,  CeHg-CONH,,  can  be  prepared  by  the  action  of 
ammonia  or  ammonium  carbonate  on  benzoyl  chloride.  It  is 
crystalline  and  dimorphous,  melting  at  130°.  It  was  stated  (104) 
that,  on  account  of  the  influence  of  the  negative  acetyl-group,  the 
hydrogen  atoms  of  the  amido-group  in  acetamide  are  replaceable  by 
metals.  Benzamide  displays  this  property  to  an  even  greater 
extent,  this  being  due  to  the  more  negative  character  of  the  benzoyl- 
group;  for  the  values  of  the  dissociation  constants  for  acetic  acid 
and  for  benzoic  acid  respectively  are  ÜC  =  0-0018  and  K  «  0-0060. 

When  the  silver  compound  of  benzamide  is  treated  with  an  alkyl 
iodide  at  ordinary  temperatures,  an  O-ether,    bemoïc  iminoetherj 

C^Hj.O^jJ^*   *,  is  formed.    The  constitution  of  this  substance  is 

proved  by  its  yielding  ammonia  and  alcohol,  instead  of  ethylamine 
and  benzoic  acid,  when  treated  with  alkalis.    When,  however,  the 
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silver  compound  is  treated  with  an  alkyl  iodide  at  1(K)^,  a  N-alkyl, 

■M-TTp   IT 

CJTg.C^ Q      *   *,  is  formed.    This  is  proved  by  the  decomposition  of 

the  latter  substance  into  ethylamine  and  benzoic  acid,  so  that  the 
silver  compound  must  have  a  different  constitution  at  ordinary  tem- 
peratures and  at  100**  (247). 

Bemcnitrile,  C^B^-CN,  the  methods  of  producing  which  were 
described  in  296,  3,  can  also  be  produced  similarly  to  the  aliphatic 
nit  rile?;  for  example,  by  the  action  of  phosphorus  pentoxide  upon 
bcnzamide  It  is  a  liquid  with  an  odour  resemblmg  that  of  bitter 
almonds,  and  boils  at  191**.  It  has  all  the  properties  characteristic 
of  the  aliphatic  nitriles. 

Homologues  of  Benzoic  Acid* 

«M.  The  toluic  aculs,  ^t^i<QQQYi^  are  formed  by  the  oxidation 

of  the  corresponding  xylenes  with  dilute  nitric  acid.  j>-Toluic  acid  is 
one  of  the  oxidation-products  of  the  turpentine  oils,  which  are  first 

converted  by  oxidation  into  cymene,  CH»/^      ^OH(OH»)«.   The  toluio 

acids  only  dissolve  to  a  small  extent  in  cold  water. 

Ffienylacetic  acid^  CtH.-CHa-COOH,  is  isomeric  with  them,  and 
can  be  obtained  by  the  method  indicated  in  the  following  scheme: 

C.H. .  CH, .  CI  +  KCN  -♦  C.H. .  CH, .  CN  -♦  C,H.  -  CH,  •  COOH. 
Beniyl  chloride  Benzyl  cyanide 

It  is  readily  distinguished  from  the  toluic  acids  by  oxidation,  which 
converts  it  into  the  monobasic  benzoic  acid,  while  the  toluio  acids 
yield  the  dibasic  phthalio  acids  (885). 

/COOH 
Xylic  acids,  CeH,^CH,    ,  have  properties  corresponding  to  those 

\CH, 
of  benzoic  acid ;  they,  too,  are  only  slightly  soluble  in  cold  water. 
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AldehydeB. 

TT 

299.  Bemaldehyde,  CeHj-CQ ,  is  the  best-known  of  the  aromatic 

aldehydes.  Like  the  aliphatic  aldehydes,  it  is  formed  by  the  oxida- 
tion of  the  corresponding  alcohol,  benzyl  alcohol,  CeHs-CHaOH, 
and  by  distillation  of  a  mixture  of  a  benzoate  and  a  formate.  •  It 
is  manufactured  by  heating  henzal  chloride,  CeHjCH-Cl,,  with  water 
and  calcium  carbonate,  a  method  whose  aliphatic  analogue  is  of  no 
practical  importance : 


H 


OH  TT^  ..TT      ^H 


CeH^.CH  CI3  +  H  ^g  -  H,0  -  CeHg-Cj  +  2Ha 


The  following  methods  are  employed  in  the  preparation  of  its 
homologaes. 

1.  CWoro-oxalic  ester  is  allowed  to  react  with  an  aromatic  hydro- 
carbon in  presence  of  aluminium  chloride,  when  the  ester  of  an 
a-ketonio  acid  is  produced  : 

O^He  +  CICO— COOCjHj  =  HOI  +  OeHB.CO.OOOCjHg. 
Chloro-ozalic  ester 

The  free  acid  is  obtained  by  saponification,  and  on  dry  distillation 
loses  OOt,  with  formation  of  the  aldehyde : 

C5H5.CO.CO,H  =  CeH5.0^  +  CO,. 

2.  An  aromatic  hydrocarbon  is  treated  with  a  mixture  of  carbon 
monoxide  and  hydrochloric  acid  in  presence  of  aluminium  chloride 
and  a  trace  of  cuprous  chloride.  It  may  be  assumed  that  formyl  chlor- 
ide, HOOOl,  is  obtained  as  an  intermediate  product : 

OHjCeHj  +  OlOCH  =  HOI  +  CHs-CeH^.C^. 

&  Anhydrous  hydrocyanic  acid  and  hydrochloric  acid  are  brought 

388 
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into  contact  with  aromatic  hydrocarbons,  when  aldehydes  are  pro- 
duced, an  aldime  being  formed  as  an  intermediate  product : 

0«He  +  ONH  +  HOI  =  C«H8.0H:NH.H01; 
Bensaldlme  hydrochloride 

OA-CHtNH.HCl  +H,0  =  0,Hj.Cq  +  NH^Cl. 

Benzaldehyde  is  found  in  nature  as  a  constituent  of  amygdalin, 
C10H27NO11  (24i) ;  on  this  accoimt,  it  is  called  oil  of  bitter  almonds. 
It  is  a  liquid  of  agreeable  odour,  is  slightly  soluble  in  water,  boils 
at  179°,  and  has  a  specific  gravity  1-0504  at  15°.  It  has  most  of 
the  properties  of  the  aliphatic  aldehydes :  it  is  readily  oxidized,  even 
by  the  oxygen  of  the  atmosphere  (especially  when  exposed  to  sun- 
light), reduces  an  ammoniacal  silver  solution  with  formation  of  a 
mirror,  jdelds  a  crystalline  addition-product  with  sodium  hydrogen 
sulphite,  adds  on  hydrocyanic  acid  and  hydrogen,  forms  an  oxime 
and  a  phenylhydrazone,  etc. 

There  are,  however,  points  in  which  it  differs  from  the  fatty 
aldehydes.  Thus,  with  ammonia  it  does  not  yield  a  compound  like 
aldehyde-anmionia,  but  produces  hydrobemamide,  (CeH5CH)5N2, 
formed  by  the  union  of  three  molecules  of  benzaldehyde  and  two 
molecules  of  ammonia: 

3CeH,.cg  +  2H,N  -  (CeH,CH)3N2  +  SH^O. 

The  behaviour  of  the  aromatic  aldehydes  towards  alcoholic 
potash  is  characteristic,  one  molecule  of  the  aldehyde  being  oxidized, 
and  the  other  reduced  (c/.,  however,  117);  thus,  benzaldehyde 
yields  potassium  benzoate  and  benzyl  alcohol: 

2CeH.-c5  +  KOH  =  CeH^.COOK  +  CeH^-CHjOH. 

The  aromatic  aldehydes  condense  readily  with  dimethylaniline 
or  phenols,  forming  derivatives  of  triphenylmethane: 


<^°lü'  +  hIcSoI  -  WOH<  WH  ^  j^o. 
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It  has  been  observed  that  daring  the  oxidation  of  yarions  snb- 
stances  in  the  air,  as  much  oxygen  is  rendered  *' active  "as  is  taken  np 
by  the  substance  under  oxidation  ('*  Inorganic  Chemistry,**  861);  this 
is  true  of  benzaldehyde.  If  it  is  left  for  several  weeks  in  contact  with 
water,  indigosulphonic  acid,  and  air,  the  same  amount  of  oxygen  is 
used  up  in  oxidizing  the  indigo  derivative  as  in  converting  the  benzal- 
dehyde into  benzoic  acid.  Baeter  has  shown  that  benzoyl  hydrogen 
peroxide,  CeHsCO'O-OU,  is  formed  as  an  intermediate  product,  and 
oxidizes  the  indigosulphonic  acid,  being  itself  reduced  to  benzoic  acid: 

C.Hj.CHO  +  O,  ^C.Hj.CO.OOH  ; 

CeHB-OOO.OH  +  Indigo  =  CeHj-COOH  +  Oxidized  indigo. 

The  oxidation  of  benzaldehyde  in  the  air  must  therefore  be  considered 
to  take  place  thus  : 

CeHj-CHO  +  O,  =  C.Hj.COO-OH  ; 

Oja5.CO.O-OH  +  CA.CHO  =  aC.Hj.COOH. . 

Baktkb  has,  in  fact,  proved  that  benzoyl  hydrogen  peroxide  dissolves 
when  added  to  benzaldehyde,  but  that  the  liquid  gradually  changes  to  a 
solid  mass  of  pure  benzoic  acid. 

Ketones. 

300.  The  aromatic  ketones  can  be  subdivided  into  the  mixed 
aromatic-fatty  ketones,  and  the  true  aromatic  ketones.  The  best- 
known  member  of  the  first  class  is  acetophenone,  CeHj.CO-CH,; 
it  can  be  obtained  by  distilling  a  mixture  of  calcium  acetate  and 
benzoate,  or  more  readily  by  the  addition  of  aJimiinium  chloride  to 
a  mixture  of  benzene  and  acetyl  chloride.  It  is  a  crystalline  sub- 
stance of  agreeable  odour,  melting  at  20°  and  bpiling  at  200°;  it  is 
^slightly  soluble  in  water,  and  possesses  all  the  properties  of  the 
aliphatic  ketones.  It  is  employed  as  a  soporific  under  the  name 
"  hypnone." 

BemophenonCj  CeHj-CO-CeH,  iè  a  true  aromatic  ketone,  and 
can  be  obtained  by  the  dry  distillation  of  calcium  benzoate,  or 
by  the  action  of  benzene  and  aluminium  chloride  upon  benzoy 
chloride,  or  carbonyl  chloride.  This  compoimd,  although  a  true 
aromatic  derivative,  behaves  exactly  like  an  aliphatic  ketone; 
on  reduction,  it  yields  bemhydrol,  CeHg-CHOH-CeHj;  bênzpinaconêf 

^^'^'^'ÓH^ÓH*^'^''  is  simultaneously  formed  (166). 


\ 
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Although  the  mechanism  of  Friedel  and  Crafts*  synthesis  (268,  2) 
of  the  homologues  of  benzene  has  not  been  satisfactorily  explained, 
BÖESEKEN  has  pot  forward  a  complete  explanation  of  the  synthesis 
of  aromatic  ketones.  He  has  proved  that  the  acid  chloride  first  unites 
with  the  aluminium  chloride : 

C.H.COCl  +  AlCl,  =  C.H.COCI^AICU. 

On  addition  of  one  molecule  of  benzene,  one  molecule  of  hydrochloric 
acid  is  evolved,  with  formation  of  a  crystalline  compound  : 

C.H..C0C1.A1C1.  +  C.H.  =  CH.CO.O.H..  AlCl,  +  HCl. 

On  addition  of  water,  a  quantitative  yield  of  the  ketone  is  obtained : 

C.H,.C0.C,H..A1C1,  +  nH,0  =C.H».CO.C.H»  +  A1C1,.»H,0. 

The  reaction  therefore  takes  place  in  three  stages. 

fienzophenone  exists  in  two  modifications;  one  of  these  is  un- 
stable and  melts  at  27®,  and  the  other  is  stable  and  melts  at  49**. 
The  difference  between  these  two  is  a  purely  physical  one,  since 
different  derivatives  of  them  are  unknown. 

Ozimes, 

301.  Investigation  has  shown  that  some  of  the  oximes  of  the 
aromatic  aldehydes  and  ketones  exhibit  a  peculiar  kind  of  isomerism. 
Thus,  there  are  two  isomers  of  benzaldoxime,  bemeLntialdoxime,  a 
liquid  boiling  without  decomposition,  and  benzsynaMoxime,  which 
is  solid,  and  on  treatment  with  acetic  anhydride  readily  loses  water, 
forming  benzonitrile ; 


C.H,CiH 

=  CeH,C=N  +  H,0. 
iOH 


I 


The  an/ialdoxime  yi3lds  an  acetyl-derivative  with  acetic*  anhy- 
dride. 

R 

It  has  been  proved  that  no  isomers  of  the  ketoximes  p/  >C:NOH 

exist,  when  R  and  R'  are  similar ;  two  isomers  are  known  when 
these  groups  are  dissimilar.  Benzophenone  oxime  and  its  derivatives 
furnish  examples  of  this.    In  spite  of  many  attempts  to  prepare 
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an  isomer,  benzophenone  oxime  is  only  known  in  one  modification. 
When,  however,  hydrogen  in  one  phenyl-group  is  substituted,  two 
isomeric  oximes  can  be  obtained.  Monochlorobenzophenone, 
CcHg  •  CO  •  CeH^Cl,  monobromobenzophenone,  C^Hj  •  CO  •  CeH4Br, 
tolylphenylketone,  CH,  •  C^^ '  CO  *  C^Hj,  anisylpHenylketone, 
CHjO-CeH^-CO'CflHg,  and  many  others,  are  examples  of  ketones 
which  yield  two  isomeric  oximes. 

After  several  ineffectual  attempts  to  explain  suc*h  isomerism 
by  the  ordinary  structural  formute,  the  following  stereochemical 
explanation  of  the  observed  facts  has  been  adopted.  It  is  assumed 
that  the  three  affinities  of  the  N-atom  are  directed  towards  the 
angles  of  a  tetrahedron,  the  nitrogen  atom  itself  being  situated  at 
the  fourth  angle: 


When  the  three  nitrogen  bonds  are  linked  to  carbon,  as  in  the 
nitriles,  the  following  spacial  representation  is  obtained; 


CH 

li 

N 


Stereoisomerism  is  here  impossible:  experience  has  shown  that  none 
of  the  numerous  nitriles  known  occurs  in  two  forms  due  to  isomerism 
in  the  CN-groups. 

When,  however,  the  nitrogen  atom  is  linked  to  carbon  by  two 
bonds,  two  isomeric  forms  become  possible: 


STEREOISOMERISM  OF  THE  AROMATIC  OXIMES.  393 

These  can  be  more  readily  represented  by 

X— C— Y     ^        X— C— Y 


U  -^  zlll 


It  will  be  observed  that  different  configurations  for  such  compounds 
are  only  obtained  when  X  and  Y  are  different,  since,  when  they  are 
similar,  the  figures  become  identical.  This  agrees  with  the  facts 
stated  above. 

It  can  also  be  determined  which  confignration  belongs  to  each 
isomer.    The  two  isomeric  benzaldoximes  have  the  formulso 


C.H.— (>-H 

II 
N— OH 

C.H»-0-H 

and                 II 
HO-N 

BeDsiynaldoxlme 

Benzan^faldoxlme 

I. 

II. 

In  formula  I,  H  and  OH  are  nearer  together  than  in  formula  11, 
which  explains  the  readiness  with  which  one  molecule  of  water  is 
split  off  from  one  aldoxime  (syji),  and  not  from  the  other  (anti).  On 
this  account  configuration  I  is  assigned  to  the  5j^naldoxime,  and  con* 
configuration  II  to  the  an^taldoxime. 

The  configuration  of  the  ketoximes  can  be  determined  by  the 
BscKMANN  transformation  (112),  as  is  made  clear  in  the  following 
example.    Two  isomers  of  anisylphenylketoxime  are  known, 

CH,0.C.H4-C~0.H.  CH,0.C.H4— 0— C.H. 

II  and  II  , 

N— OH  HO— N 

I.  li- 

the first  melting  at  137*"  and  the  second  at  lie*".  By  the  Beckmann 
transformation,  the  oxime  of  higher  melting-point  yields  the  anilide 
of  anisic  acid ;  that  of  lower  melting-point,  the  aniside  of  benzoic 
acid.  The  former  must  therefore  have  configuration  I,  and  the 
second  configuration  II,  because  in  I  the  groups  OH  and  O^H^  are 
next  to  each  other,  and  exchange  places, 


CH.0 . 0.H4— C— OH  OH.O  •  O.H4— C =0 

II  -*  I  , 

N— CeHj  NH— 0.H, 
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producing  the  anilide  of  anisio  acid,  CH^O^O^H^'OOOH ;  while  in 
II,  anisyl  (CEfi-OJEi^;—)  and  OH  are  next  one  another,  and  exchange 
places,  yielding  the  anisid^  of  benzoic  acid : 

HO— 0— OA  0=0— OA 

II  -^  I         . 

OH^O-OeH^— N  CH.0C.H4-NH 


DIAZO-COMBOTTVDS  AND  HYDBAZIVES. 


I.     DIAZO-GOHPOÜHDS. 

802.  The  diazo-compounds  of  the  aromatic  series,  discovered  by 
Griess  in  1860,  are  not  merely  of  theoretical  importance,  but  j)lay 
an  important  part  in  the  manufacture  of  dyes.  In  the  fatty  series 
only  amino- compounds  of  a  special  kind  are  capable  of  yielding 
(Uazo-compounds  (201),  while  their  formation  is  a  general  reaction 
of  the  primary  aromatic  amines;  the  property  of  undergoing  diazo- 
iization  is  characteristic  of  aromaiic  amines, 

Diazo-compounds  are  substances  containing  the  group  — N, — . 
They  are  divided  into  two  classes:  the  diazonium  compounds,  with 
properties  analogous  to  ammonium  compounds,  from  which  their 
name  is  derived;  and, the  true  diazo-compounds,  in  which  the  group 
— isj —  has  the  constitution  — N  =  N — . 

The  diazonium  compoimds  themselves  are  of  slight  importance, 
and  are  usually  not  isolated.  The  numerous  transformations  which 
they  can  undergo,  however,  with  formation  of  a  great  number  of 
derivatives,  account  for  the  great  importance  of  these  substances 
in  the  chemistry  of  the  aromatic  compounds. 

Diazonium  compoimds  are  formed  by  the  action  of  nitrous  acid 
on  the  salts  of  aromatic  amines: 

C«H«.NH,.HN03  +  HNO,  =  2H,0  +  CeH^.Nj.NO,. 

Aniline  nitrate  Benxenedlazonium  nitrate 

This  is  usuaUy  carried  out  by  adding  a  solution  of  sodium  nitrite 
to  one  containing  an  equimolecular  proportion  of  the  amine-salt 
and  an  equivalent  quantity  of  a  free  mineral  acid,  the  reaction- 
mixture  being  cooled  by  the  addition  of  ice,  as  the  diazonium 
compounds  decompose  very  readily;  a  solution  of  the  benzene- 
diazonium  salt  is  thus  obtained.  In  order  to  isolate  such  a  salt 
as  bemenediazonium  chloride,  C^5«  Nj-Cl,  in  the  solid  state,  a  small 
quantity  of  concentrated  hydrochloric  acid  is  added  to  an  alcoholic 
solution  of  aniline  hydrochloride,  and  then  amyl  nitrite,  whereupon 
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the  diazonium  chloride  crystallizes  out.  The  dry  diazonium  salts 
are  excessively  explosive,  and  must  therefore  be  handled  with  great 
care;. they  are  quite  harmless  in  aqueous  solution,  and  as  it  is  un- 
necessary to  isolate  them  in  order  to  employ  them  in  reactions, 
they  are  seldom  prepared  in  the  solid  state. 

The  group  N^X  of  the  diazonium  compounds,  of  which  X  is  an 
acid-residue,  is  only  linked  to  one  carbon  atom  of  the  benzene- 
nucleus,  for  all  their  transformations  produce  substances  containing 
a  group  likewise  linked  to  only  one  carbon  atom  of  the  nucleus. 

The  constitution  of  the  diazonium-group,  — N,X,  can  be  de- 
duced from  the  following  considerations.  In  many  respects  the 
group  CeHj-Nj —  behaves  similarly  to  an  alkali-metal,  and  still 
more  to  the  ammonium  radicle.  With  strong  mineral  a<;ids  it 
forms  colourless  salts  of  neutral  reaction,  like  KCl  and  NH^Q, 
while  its  salts  with  carbonic  acid  resemble  the  alkali-carbonates  in 
having  an  alkaline  reaction,  due  to  hydrolytic  dissociation.  The 
conductivity  of  the  diazonium  salts  of  hydrochloric  and  other  acids 
shows  that  they  are  as  strongly  ionized  as  KCl  and  NH4CI.  Simi- 
larly, diazonium  chlorides  yield  platinum  double  salts,  such  as 
(CeH5N2Cl)2PtCl4,  which  dissolve  with  difficulty  in  water.  Other 
double  salts,  such  as  (CeH5N2Cl)AuCls,  have  also  been  obtained. 
Free  benzenediazonium  hydroxide,  C^Hg-Nj-OH,  is  only  known  in 
aqueous  solution,  which  has  a  strongly  alkaline  reaction.  It  is 
obtained  by  treating  the  aqueous  solution  of  the  chloride  with  silver 
oxide,  or  by  the  addition  of  the  equivalent  quantity  of  baryta-water 
to  the  sulphate.  It  is  colourless,  like  caustic-potash  solution,  but 
through  decomposition  gradually  deposits  a  flocculent,  resin-like 
substance. 

The  existence  of  a  pentavalent  N-atom  in  the  diazonium  salts, 
just  as  in  those  of  ammonium,  must  therefore  be  assumed,  the  basic 
properties  of  each  being  due  to  its  presence.  Two  formulae  are 
therefore  possible: 

C,HgN=N.X    or    CeH^N^J. 

As  will  be  proved  in  308,  the  preference  must  be  given  to  the  second. 

Beaotions  of  the  DiazoxLiom  Compounds. 

303.  Many  of  the  reactions  of  the  diazonium  compounds  are 
characterized  by  the  elimination  of  the  group  — ^N, —  &  free  nitrogen 
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from  the  molecule,  and  its  replacement  by  a  substituting-group 
linked  by  a  single  bond  to  the  benzene-nucleus.  Extended  re- 
search has  revealed  the  best  conditions  for  obtaining  nearly  quanti- 
tative results  in  most  of  these  reactions. 

1.  ^Replacement  of  the  N^-group  by  hydroxyL — ^This  is  effected  by 
allowing  the  aqueous  solution  of  the  diazonium  salt  to  stand,  or  by 
warming  it: 

CeH5.N3.Cl  +  HOH  =  C^Hs-OH  +  N,  +  HCL 

2.  Replacement  by  an  alkoxyUgroup,  — O-CnHgn+i. — ^This  is  car- 
ried out  by  boiling  a  diazonium  salt  with  alcohol  : 


C>H,.N,.|HS04  +  H10.C,H,  =  CeH^O-C^H^  +  N,  +  H^SO^. 

3.  Replacement  of  the  diazoniuwrgroup  by  hydrogen. — ^Under  cer- 
tain conditions  the  diazonium  salts  do  not  yield  alkoxyl-com- 
pounds  with  alcohols,  but  produce  the  corresponding  hydrogen 
compound,  the  alcohol  being  converted  into  aldehyde : 

NO3  CeH,.N3.Cl  +  C3H5OH  -  NOj.CeH,  +  N,  +  HCl  +  C^TLJd. 

p-Nitrobeozeaediaaonium  Nitrobenzeue  Acetaldehrde 

chloride 

By  this  treatment,  p-diazobenzenesnlphonic  acid, 
C.H.<SoH  -  H.O  or  C.h/^'^^. 

when  treated  with  methyl  alcohol  under  diminished  pressure,  yields 

only  beDzeDesnlphonic  acid,  the  diazoniam-group  being  therefore  only 

replaced  by  hydrogen.    Under  a  pressure  of  80  atmospheres,  however, 

80  H 
only  anisolesulphonio  acid,  CelT^  <qqJj  ,  is  formed,  N,  being  replaced 

by  the  methoxyl-group,  —OCH,. 

4.  Replacement  of  the  diazonium  group  by  halogene, — ^This  is 
effected  by  treatment  of  a  solution  of  diazonimn  chloride  either 
with  cuprous  chloride  dissolved  in  concentrated  hydrochloric  acid 
(Sandmeyer),  or  with  finely-divided  copper  (Gaitermann); 

cja..N3.ci  -  CeH,-Cl  +  N3. 
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Ouprous  chloride,  and  finely-divided  copper,  have  here  a  catalytic 
action  ;  it,  is  probable  that  a  copper  compound  is  formed  as  an  inter- 
mediate product,  and  is  afterwards  decomposed. 

Replacement  by  bromine  is  carried  out  in  the  same  way:  thus,  in 
the  preparation  of  bromobenzene,  a  solution  of  potassium  bromide  is 
added  to  an  aqueous  solution  of  benzenediazonium  sulphate  containing 
free  sulphuric  acid;  on  addition  of  copper-dust  to  this  mixture, 
nitrogen  is  evolved,  and  bromobenzene  is  formed. 

Replacement  by  iodine  takes  place  readily  when  a  warm  solution 
of  potassium  iodide  is  added  to  a  diazonium  sulphate  solution  ;  it  is 
unnecessary  to  employ  copper  or  cuprous  chloride. 

5.  Replacement  of  the  diazonium  group  by  the  CN-group. — ^This, 
too,  readily  takes  place  in  presence  of  copper  compounds.  The 
solution  of  the  diazonium  salt  is  added  to  one  of  potassium  cuprous 
cyanide: 

CeH^.Nj.Cl  +  KCN  =  C^Hg.CN  +  N^  +  KCl. 

This  reaction  is  of  great  importance  for  the  synthesis  of  aromatic 
acids,  which  can  be  got  by  hydrolyzing  the  nitriles  thus  obtained. 

6.  Otlier  recLctions  can  be  carried  out  by  treating  diazonium  salts 
with  sulphuretted  hydrogen,  which  yields  compounds  containing 
sulphur  linked  to  the  benzene-nucleus.  By  this  treatment,  benzene- 
diazonium chloride  yields  phenyl  sulphide,  (C«H5),S,  two  molecules  of 
the  chloride  reacting  with  one  of  sulphuretted  hydrogen. 

The  Na-group  can  also  be  replaced  by  aromatic  hydrocarbon- 
residues  ;  thus,  dipJienylj  C^H^-C^U^,  is  obtained  by  treating  dry  benz- 
*enediazoniun^  chloride  with  benzene  in  presence  of  a  small  quantity  of 
aluminium  chloride  : 

CeH^.N^.d  +  H.CeHs  =  C,U,.C,\i,  +  N,  +  HCl. 

These  reactions  illustrate  the  importance  of  the  diazonium  salts 
as  intermediate  products  in  the  preparation  of  numerous  substances. 
Since  they  are  derived  from  the  amines,  which  are  prepared  by  the 
reduction  of  nitro-compounds,  it  is  evident  that  the  nitration  of 
aromatic  derivatives  is  a  reaction  of  great  importance,  for  the  nitro- 
group  can  be  replaced  at  will  by  almost  all  other  elements  or  groups 
by  means  of  the  amino-compounds  and  diazonium  compounds. 

Hantzscu  has  explained  the  reactions  of  the  diazonium  compounds 
by  assuming  that  they  themselves  do  not  enter  iuto  reaction,  but  are 
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fint  converted  into  a  «yndiazo-compoand,  which  then  decomposes 
with  evolution  of  nitrogen.  The  formation  of  phenol  must  then  be 
represented  thus : 

O.H5OH 

Phenol 

NaN; 


CeHj             OH                  C«Hs   OH 

N-N   + 

1 
=:  HOI  +     N=N 

CI                 H                          hydroxide 

DiaBoniuxn 
chloride 

*and  that  of  chlorobenzene  thus  : 

OeHj  01       CeHj  01  CHjOl 

niloroben 

NbN 


J  I  ~  I '      I    .^     Chlorobenzene 

NbN  +       =       N=N 


j  I  tynDlazo- 

Q\  H  chloride 

The  reactions  between  diazonium  salts  and  alcohol  are  explained 
«s  follows : 

0,H5  00,H5  /OeHs  00,H5\        OeH,-00,H5  f^SJ5«^2?f 


IjHfi  OOjHj  /OeHj  OOjHeX 


NsN 
Cl-H  01- H 

OfHf  H  OjHj — H  [Formation  of  a  hydrocarbon]. 

NaN   +  I    _       N=N 

dl  OsHjO  OlOOjEj  [Splitüng  up  into  HCl  and  aldehyde,  CtH«0]. 

As  these  transformations  of  diazonium  salts  cannot  be  explained 
l)yi  the  other  possible  structural  formula,  C^Hj-N  ^  N-X,  it  is  evident 
that  it  must  be  rejected  (303). 

Most  of  the  ^ndiazo-compounds  are  very  unstable,  however;  they 
change  readily  into  an^idiazo-compounds,  in  which  it  is  assumed  that 
the  phenyl-group  and  acid-residue  are  far  removed  from  one  another, 
«nd  can  therefore  no  longer  unite: 


OeH,  X 

U 


C.H. 
N=N 

i 


flynDiazo-compound;  anfn)iaso-coinpound: 

C«H.  and  X  can  unite  C^H^  and  Z  cannot  unite 

with  one  another  with  one  another 

In  certain  cases,  such  as  that  of  the  diazocyanides,  Hantzsch  has 
been  able  to  isolate  these  intermediate  products,  and  thus  afford  a 
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proof  of  these  views.  For  example,  when  cyanides  are  added  to  diazo- 
tizedp-chloroaniline, Cl-C^H^.NH^p-chlorobenzonitrile,  Cl-C.H^-ON, 
is  not  immediately  formed;  it  is  possible  to  isolate  a  yellow  interme- 
diate product,  GlCeH^Nj-CN,  which  yields  p-chlorobenzonitrile  after 
addition  of  copper-dust,  the  action  being  accompanied  by  an  energetio 
evolution  of  nitrogen.  This  yellow  intermediate  p-chlorobenzene- 
«yndiazocyanide  is,  bowevei,  very  unstable,  and  speedily  changes  to 
an  isomer  (the  an/i-compound)  which  does  not  react  with  copper- 
dust.  The  stereochemical  theory  thus  affords  a  satisfactory  explana- 
tion of  the  observed  phenomena. 

It  might  be  suggested  that  the  unstable  primary  prodrjt  is  diazoninm 
C.H..N.CN 
cyanide,  III        .     This  cannot  be  the  case,  for  such  a  cyanide 

N 
must  have  properties  analogous  to  those  of  potassium  cyanide,  it  must 
be  colourless,  like  the  other  diazonium  salts,  have  an  alkaline  reaction 
in  aqueous  solution,  and  conduct  the  electric  current,  whereas  the 
unstable  primary  product  possesses  none  of  these  properties. 

Moreover,  an  anisole  derivative,  CH90.CtH4N,-CN,  was  discovered 
by  Hantzsgh,  which  must  be  looked  upon  as  a  diazonium  cyanide, 
since  its  aqueous  solution  does  possess  all  these  properties. 

Benzenediazonium  hydroxide  is  a  strong  base,  but  reacts  with  alkalis 
in  a  manner  quite  unknown  among  the  strong  mineral  bases.  When 
a  diazonium  salt  is  added  to  a  strong  solution  of  caustic  potash, 
a  potassium  derivative,  C«H6*Ns*0K,  separates  out.  The  reaction 
takes  place  not  only  in  concentrated  but  also  in  dilute  solutions. 
When  a  dilute  solution  of  benzenediazonium  hydroxide  is  treated  with 
an  equivalent  quantity  of  caustic  soda  in  dilute  solution,  the  molecular 
conductivity  of  the  mixture  is  considerably  less  than  the  sum  of  the 
two  electric  conductivities  of  the  solutions  sepwrately  ;  it  follows  that  a 
portion  of  the  ions  (CgH.NaO)'  +  H*  and  Na"  +  OH',  which  have  been 
brought  into  contact,  have  changed  to  the  non-ionized  state — union  of 
H'  and  OH' — that  is,  the  formation  of  a  salt  must  have  occurred. 

Thus,  the  diazonium  hydroxide,  which  is  a  strong  base,  appears  to 
behave  like  an  acid  also.  Since  this  is  very  improbable,  Hantzsch  as- 
sumes that  an  equilibrium  exists  in  the  aqueous  solution  between  the 
diazonium  hydroxide  and  the  ^ndiazohydroxide  (p.  899) : 

O.H.N. OH  ^  C.H.N 

10  ,.  II 

N  HON 

Diasonium  tynDlaso- 

hydroxlde  hydroxide 

He  supposes  that  the  alkali-derivatives  are  derived  from  the  lattei 
compound. 
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S04.  The  importance  of  the  diazonium  compounds  is  not  con- 
fined to  reactions  in  which  the  nitrogen  atoms  are  eliminated^  since 
important  derivatives,  in  which  they  are  retained,  are  known. 

1.  Diazoamino-compounda  are  obtained  by  the  action  of  primary 
and  secondary  amines  upon  diazonium  salts: 


C,H,'N,'|ClH-HiNHCeH,  =  CeHs'NjNHCeH,  +  Ha 

DlaaoamlnobeiUEeoe 

They  are  also  obtained  when  nitrous  acid  reacts  with  free  aniline 
instead  of  an  aniline  salt.  It  may  be  supposed  that  in  this  reaction 
benzenediazonium  hydroxide,  or  rather  benzenediazohydroxide,  is 
first  formed,  and  is  at  once  attacked  by  a  molecule  of  the  aniline  still 
present: 

I.  G,H,-NH,  +  HNO,  -  CH^-N^-OH  +  H,0. 


11.  C.H,-Nj-  OH  +  HNHCeH,  =  CJEl5-N:N-NHCeH,  +  H,0. 


BenienedkuDOh jdrc  xide 

The  diazoamino-corapoimds  are  crystaDine  and  have  a  yellow 
colour;  they  do  not  unite  with  acids.  In  acid  solution,  th^  are 
converted  by  treatment  with  nitrous  acid  into  diazonium  salts : 

CA*N:N'NHC,H5+HNO,+2Ha  =  2C;a,'^^'a+21Ifi. 

The  most  characteristic  property  of  the  diazoamino-oompounds 
is  their  ready  transformation  into  isomers,  the  aminoazoH^ompounds: 

C>H,'N:N— Nh(cT)h  ^  C,H.'N:N<(^        )>NHa. 

Dlaaoamlnobenaeoe  Aminoaaobeniene 

This  is  best  carried  out  by  adding  aniline  hydrochloride  to  a  solu- 
tion of  diazoaminobenzene  in  aniUnei  and  warming  the  mixture  on 
the  water-bath. 

The  amido-group  in  aminaazobemene  is  in  the  paro-position  to 
the  azo-group.  When  the  para-position  is  already  occupied,  the 
amido-group  takes  up  the  or/Ao-position.  Aminoazobenzene  and 
many  of  its  derivatives  are  dyes  (320). 
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The  above  equation  indicates  that  the  transformation  of  diazo- 
aminobensene  into  aminoazobenzene  is  a  unimoleeular  reaction  (^'  In- 
organic Chemistry,*^  60).  Goldschmidt  proved  by  experiment  that 
this  view  is  correct.  He  dissolved  diazoaminobenzene  in  aniline,  and 
determined  the  quantity  of  diazoaminobenzene  still  present  after  the 
lapse  of  known  periods  of  time. 

The  aniline  hydrochloride  usually  added  in  carrying  out  this  ei^peri* 
ment  has  merely  a  catalytic  accelerating  effect  uix>n  the  reaction;  this 
is  proved  by  the  uniform  increase  in  the  velocity  constant  with  in- 
crease i{L  the  amount  of  aniline  hydrochloride,  and  in  other  ways. 

It  has  also  been  shown  that  when  different  salts  of  aniline  are 
employed,  their  catalytic  influence  varies  in  amount,  and  is  almost 
proportional  to  their  degree  of  ionization  in  aqueous  solution.  This 
was  proved  by  Goldschmidt  for  the  aniline  salts  of  dichloroacetic  and 
trichloroacetic  acids. 

This  phenomenon  can  be  explained  by  the  assumption  that  aniline 
salts  are  decomposed  into  free  acid  and  aniline  when  dissolved  in 
aniline,  in  a  manner  similar  to  the  setting-free  of  salts  from  their 
water  of  crystallization  when  dissolved  in  water  ;  and  by  the  further 
assumption  that  the  slight  ionization  undergone  by  the  free  acid  in 
the  aniline— ^uch  solutions  being  very  poor  conductors  of  the  electric 
current — is  proportional  to  the  degree  of  ionization  in  aqueous  so- 
lution. 

2.  Diazonium  salts  unite  with  tertiary  amines  at  the  jwro-posi- 
tion: 


CeH5N3-iCl+H|CeH,-N(CH3),-  CeH5-N:N-CeH,-N(CH3),+  HCL 


DimethylaniUne  Dimethylaminoazobeozene 

3.  They  react  similarly  with  phenols,  forming  hydrozyazo-conv' 
pounds.    This  takes  place  in  presence  of  alkalis : 


CeHg-Na'  C1  +  HC,H,0H  -  CeH^-NcN-CeH^OH  +  Ha 

Phenol  Uydrozyazobenzene 

A  number  of  important  dyes  are  also  derived  from  hydroxy^ 
azobemene  (322). 

n.    HTDBAZINES. 

306.  The  most  important  derivative  of  hydrazine  is  phenyl^ 
hydrazine,  CgHjNH'NHj,  which  has  been  referred  to  several  times 
in  the  fatty  series  in  connection  with  its  action  on  aldehydes. 
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» 

ketones,  and  sugars  (112,  208,  and  212.)  It  is  formed  by  the  reduc- 
tion of  the  diazonium  salts;  for  example,  from  benzenediazonium 
chloride  by  the  action  of  the  calculated  quantity  of  stannous  chlo- 
ride dissolved  in  hydrochloric  acid : 

CaHj-Nj-a  +  4H  «  C^H^NH— NH^-Ha 

It  can  also  be  formed  by  transforming  the  diazonium  salt  into  a 
diazosulphonate  by  means  of  alkali-sulphite,  reducing  the  diazosul- 
phonate  with  zinc-dust  and  acetic  acid,  and  splitting  off  the  sulpho- 
group  by  boiling  with  hydrochloric  acid : 

I.  CHg-Nj-a  +  Na^SO,  =  CeHj-NrN-SOsNa  +  NaG. 

Sodium  diazobenzenesolphonate 

n.  C,Hj-N:N-SO,Na  +  2H  =  C,H,NHNHSO,Na. 

Sodium  phenylbydrazinesulphoxiate 

m.  C,H,-NH-NH-SO,Na+H,0  =  CeHj-NHNHj+NaHSO^. 

Plienylhydrazine 

This  apparently  roundabout  way  is  simple  in  practice,  since  the 
intermediate  products  do  not  need  to  be  isolated.  It  is  sufficient  to 
mix  the  solution  of  the  diazonium  salt  with  that  of  the  sulphite, 
then  to  add  the  acetic  acid  and  zinc-dust,  and  filter  off  the  excess 
of  the  latter.  The  filtrate  is  then  boiled  with  fuming  hydrochloric 
acid,  whereupon  the  hydrochloride,  CeHj  *  NH  ■  NH,  •  HCl,  separates 
out,  since  it  is  soluble  with  difficulty  in  water,  and  almost  insoluble 
in  hydrochloric  acid, 

Phenylhydrazine  is  a  colourless,  oily  liquid,  turning  browTi  in 
the  air.  Its  melting-point  is  17*5°,  and  its  boiling-point  241*^; 
when  boiled  under  ordinary  pressure,  it  undergoes  slight  decomposi- 
tion.    It  is  only  slightly  soluble  in  water. 

Phenylhydrazine  is  split  up  by  energetic  reduction  into  anifine 
and  ammonia.  It  is  very  sensitive  towards  oxidizing  agents,  its 
sulphate  being  oxidized  to  the  diazoniunj  salt  by  mercury  oxide. 
Oxidation  usually  goes  further,  however,  the  nitrogen  being  elimi- 
nated from  the  molecule.  For  example,  an  alkaline  copper  solu- 
tion converts  it  into  water,  nitrogen,  and  benzene.  Phenylhydra- 
zine has  a  wholly  basic  character;  it  yields  well-defined  crystalline 
salts. 
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Phenylhydrazine  is  proved  as  follows  to  have  the  constitutional 
formula  CgHs'NH'NH^.  A  secondary  amine  is  converted  by 
nitrous  acid  into  the  corresponding  nitrosamine: 

CA-N<Hj^-.C.H.-N<^^. 

MonomeÜiylanilIne     NitroBomethylanlllne 

On  careful  reduction,  this  substance  yields  methylphenylhydrazme, 

NH 
C^HjN'  <QTj^9  which  can  also  be  obtained  from  phenylhydrazine 

by  the  action  of  sodixmi,  one  hydrogen  atom  being  replaced  by  the 
metal.  On  treatment  of  this  sodium  compound  with  methyl  iodide, 
the  same  methylphenylhydrazine  is  formed: 

CeH,-NH-NH,->CeH,-N<g^»->CeH,-N<J^. 


COKFOTODS  COHTAIHIHO  AV  TTVBATTTBATSD  BISE-CEAIV. 


Hydrocarbons. 

306.  Btyroles  CsH5*CH:CH„  which  demves  its  name  from  its 
occurrence  in  storax,  can  be  obtained  by  heating  cinnamic  acid, 
C«H,-CH:CHCOOH,  which  splits  off  CO,.  It  is  a  liquid  of  agree- 
able odour,  and  boils  at  146''.  It  is  converted  on  heating,  and  also 
slowly  on  standing  at  ordinary  temperatures,  into  a  glass  like  mass 
called  metastyrole,  a  polymer  of  unknown  molecular  weight.  Styrole 
has  the  power,  characteristic  of  substances  containing  a  double  bond, 
of  forming  addition-products.  On  treatment  with  nitric  acid,  it 
yields  nUrostyrole,  C^Hj-CHiCHNO,,  with  the  nitrogroup  in  the 
side-chain.  The  constitution  of  this  compound  follows  from  its  forma- 
tion by  the  condensation  of  benzaldehyde  with  nitromethane,  under 
the  catalytic  influence  of  alcoholic  potash  : 

CsHs-C—g;  ^^^^^^  =  C.H^.CHrCH.NO,  +  H,0. 


Pfienylacetyiene,  Cfi^  C  '  CH,  can  be  obtained  by  treating  aceto- 
phenone  with  phosphorus  pentachioride,  and  acting  on  the  resulting 
•compound,  C^Hj  CCI,CH,,  with  caustic  potash:  or  from  phenylpropi- 
olie  acid,  QHj  C  i  C-COOH.  by  slow  distillation  with  aniline.  In 
many  respects  it  resembles  acetylene,  yielding  metallic  deriyatiyes,  for 
example.  On  solution  in  concentrated  sulphuric  acid,  it  takes  up  one 
molecule  of  water,  forming  acetophenone. 

Alcohols  and  Aldehydes. 

SOT.  Cinnamic  alcoholy  C.Hs  CHiCHCHjOH,  is  the  only  repre- 
sentative of  these  alcohols  which  need  be  mentioned  here.  It  is  a 
crystalline  substance  with  an  odour  of  hyacinths,  and  is  present  as  an 
ester  in  storax.  Careful  oxidation  converts  it  into  cinnamic  acid,  and 
more  vigorous  oxidation  into  benzoic  acid. 

608.  Cinnamdldehyde,  CeH^  CH:CH.Cq,  is  the  chief  constituent 

of  oil  of  cinnamon,  from  whfch  it  can  be  obtained  by  means  of 
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its  sulphite  compound.  It  is  an  oil  of  agreeable  odour,  and  boils  at 
246*.  It  is  resinified  by  strong  acids,  and  yields  a  compound 
N2(C«H50sH,),  with  ammonia,  in  the  same  way  as  benzaldehyde  (299)^ 

'  Acids. 

809.  Of  these,  cinnamic  acid,  CeHj-CHiCH-COOH,  is  the  most 
important.  It  is  present  in  some  balsams,  and  in  storax.  It  is  manu- 
factured by  a  synthetic  method  discovered  by  W.  H.  Perkin,  Sex. 

Benzaldehyde  is  h^ted  with  acetic  anhydride,  in  presence  of 
sodium  acetate  as  a  catalytic  agent: 

CeH5-CQ+H,CH-COOCOCH3=CeH5CH:CHCO*OCOCH,-f 

Benzaldebyde  Acetio  anhydride 

+  HjO  =  CeHjCHrCHCOOH  +  HOCOCH,. 

Cinnamic  acid  Acetic  acid 

Perkin's  synthesis  can  be  carried  out  with  substituted  benz- 
aldehydes  on  the  one  hand,  and  with  homologues  of  acetic  acid  or 
with  dibasic  acids  on  the  other,  so  that  it  is  possible  to  obtain  a 
great  number  of  unsaturated  aromatic  acids  by  its  aid. 

Cinnamic  acid  can  also  be  obtained  by  the  action  of  benzal  chloride 
(812),  CeHj-CHClj,  upon  sodium  acetate.  It  can  further  be  synthe- 
sized by  the  condensation  of  malonic  acid  with  benzaldehyde,  which 
takes  place  readily  under  the  catalytic  influence  of  ammonia,  one 
molecule  of  carbon  dioxide  being  split  off : 


(HOOQ^C 


H,  +0 


CCJT5  =  CeHj-CH :  CH-COOH  +  C0,*+  HA 
H 


Malonic  acid 


Cinnamic  acid  is  a  cr>'stalline  substance,  melts  at  134*^,  and  dis- 
solves with  difficulty  in  cold  water.  In  all  respects  it  possesses  the 
character  of  a  substance  with  a  double  bond,  and  therefore  forms 
addition-products  and  reduces  Baeyer's  reagent  (128).  Its  con- 
stitution indicates  that  two  stereoisomers  are  possible; 

CeHg-C-H  CeHs-C-H 

II  .  ^^^  II 

H— O-COOH  COOH— 0— H 

An  isomer,  aUocinnamic  add,  is  known;  it  is  readily  transformed 
into  ordinary  cinnamic  acid. 


FOLT-SXrBSTITTJTED  DEBIVATIVES  COKTADnVO 
SIMILAB  STTBSTITTTEITTS. 

310.  The  number  of  ^poly-substituted  derivatives  of  benzene 
and  its  homologues  is  very  great.  The  hydrogen  atoms  of  these 
hydrocarbons  can  be  replaced  not  only  by  two  or  more  similar 
groups,  but  also  by  two  or  more  different  groups.  For  each  disub- 
stitution-product  and  for  each  trisubstitution-product  of  benzene 
three  isomers  are  possible  when  the  substituents  are  similar.  In 
the  homologues  of  benzene,  substitution  can  take  place  wholly  or 
partly  in  the  side-chain;  thus,  the  following  isomers  are  theoreti- 
cally possible  for  a  compound  C^H^Clj: 

CI 
^Z/^^'  C1<^^CH,  Cl^^^^^^,         <(^CH, 

a  CI  CI  a  ci 

(1)  (2)  (3)  (4) 

,a  ci 

/~\CH,         <^CH.         <(~)>cH,a 

CI  CI  (J[ 

(5)  (6)  (7) 

/~~\cH,a    a/~\cHja      /^^hci, 

Cl  (9)  (10) 

(8) 

A  large  proportion  of  the  numerous  compounds  theoretically 
possible  is  known.  Only  a  few  of  the  chief  of  them  can  be  consid^ 
ered  here. 

It  would  be  impossible  to  describe  for  each  of  these  compounds 
how  the  positions  of  its  substituents  (orientation)  has  been  deter- 
mined, so  that  a  summary  will  be  given  of  the  methods  of  orien- 
tation in  362  to  366. 
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I.     POLTSüLFHOiaC  ACIDS. 

811.  When  benzene  and  its  homologues  are  treated  with  faming 
sulphnric  acid,  disulphonic  and  trisalphonic  acids,  very  similar  in 
properties  to  the  monosulphonic  acids,  are  formed.  Under  this  treat- 
ment, benzene  yields  m-^isulpTwnic  acidy  which,  on  prolonged  heating 
s  partially  converted  into  the  p-distUpTumic  acid, 

n.     POLYHALOGEN  DEBIVATITES. 

812.  These  can  be  obtained  by  the  direct  action  of  chlorine  or 
Tjromine  upon  the  aromatic  hydrocarbons.  If  one  halogen  atom  is 
akeady  present,  substitution  takes  place  principally  in  the  p-posi- 
tion;  a  small  quantity  of  the  o-compound  being  also  formed.  m-Di- 
chlorobenzene  or  m-dibromobenzene  is  obtained  from  m-dinitroben- 
zene  (818)  by  reducing  to  diamine  and  subsequently  diazotizing. 
It  has  been  found  possible  by  prolonged  halogenation  to  replace  the 
six  hydrogen  atoms  of  benzene  by  halogen;  C«C1^  (Julins'  chloro^ 
carbon)  is  thus  obtained  in  the  form  of  colourless  needles  melting  at 
229^.  It  has  not  been  possible  to  replace  all  the  hydrogen  atoms 
in  toluene  by  chlorine;  it  has  only  been  converted  into  telra- 
'Chlorobemotrichloride,  CeHCl^  'CCI3,  or  into  peniachlorobenzal  chloride, 
CeCl^'CHClj.  On  further  chlorination,  the  molecule  splits  up. 
Examples  of  this  phenomenon  are  also  found  in  the  fatty  series. 

The  same  methods  can  be  employed  in  the  preparation  of  the 
polyhalogen  derivatives  of  the  homologues  of  benzene,  as  have  been 
described  jfor  the  monohalogen  derivatives  (278).  If  it  is  desired 
to  substitute  in  toluene  the  methyl-hydrogen  atoms  alone,  this 
hydrocarbon  is  treated  with  chlorine  or  bromine  at  the  boiling-point : 
there  are  obtained  in  succession  benzyl  chloride,  CjHj'CHjCl,.  benzol 
chloride:  CeHj-CHClj,  and  bemotrichloride,  CeHj-CQ,.  When  the 
object  is  to  substitute  hydrogen  only  in  the  ring,  chlorine  is  allowed 
to  react  at  ordinary  temperatures  in  presence  of  a  trace  of  iodine. 
To  prepare  a  compound  such  as  C^IlXlCHaCl.  both  methods  must 
be  en^toyed  in  succession. 

Benzal  chloride,  CeH^CHCl,  (B,P.  206^),  and  benzotrichloride, 
C^Hj-GCl,  (B.P.  213^),  are  of  technical  importance;  benzaldehyde 
(299)  is  obtained  from  the  former,  and  benzoic  acid  (296)  from  the 
latter. 

Benzene  and  some  of  its  homologues  also  yield  addition-products 
with  chlorine  and  bromine.     From  benzene  is  obtained  benzene  fiexa- 
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chloride,  Q^C\^,  and  benzene  hexabrofnide,  CfHcBr^.  Botk  are  ob- 
tained by  treating  benzene  with  excess  of  the  halogen  in  presence  of 
sunlight;  the  chlorine  deriyative  is  known  in  two  isomeric  forms. 

ni.     POLYHTDBIC  PHEHOLS. 

313.  It  was  stated  in  275  that  phenol  is  much  more  readily- 
attacked  by  oxidizing  agents  than  is  benzene  itself.  The  polyhydric 
phenols  possess  this  property  to  an  even  greater  extent,  many  of 
them  behaving  as  powerful  reducing-agents  when  dissolved  in  alkalis. 

Dihydric  PhexLols. 

OH  1 
The  o-compound,   C^H^  qtt  2>  catechol  (pyrocatechol#or  pjro- 

catechin),  is  a  constituent  of  many  resins,  and  can  be  prepared  by 

fusing  o-phenolsulphonic  acid  with  caustic  potash. 

Catechol  is  crystalline  and  readily  soluble  in  water,  alcohol, 

and  ether.     It  melts  at  104°.     Its  alkaline  solution  is  first  turned 

green  by  atmospheric  oxidation,   and  then  black.     Its  aqueous 

solution  precipitates  metallic  silver  from  silver-nitrate  solution  at 

ordinary  temperatures,  and  gives  a  green  colouration  with  ferric 

OPH  1 
chloride.    The  monomethyl  ether,  CeH4<QTT  '  9'  ^®  called  guaiacol; 

it  is  present  in  the  tar  obtained  by  the  dry  distillation  of  beech- 
wood.  When  heated  with  hydriodic  acid,  guaiacol  yields  cate- 
chol and  methyl  iodide. 

OH  1 
Resordnol  (resorcin),  or  m-dihydroxybenzene^  ^«^*^OH  3'  ^^^ 

be  obtained  by  fusing  m-phenylenedisulphonic  acid,  CeH4<^Q*TT  o» 

with  caustic  potash;  this  is  the  method  by  which  it  is  manufactured. 
It  yields  a  deep-violet  colouration  vnth  ferric  chloride;  bromine- 
water  converts  it  into  tribromoresorcinoL  It  is  a  colourless,  crystal- 
line substance  melting  at  118°,  and  readily  soluble  in  water,  alcohol, 
and  ether.     It  quickly  turns  brown,  owing  to  the  action  of  umsir, 

Quinol  (hydroquinone),  or  p-dihydroxybenzene,  melts  at  169°. 
Its  chief  characteristic  is  the  loss  on  oxidation  of  two  hydrogen 
atoms  with  formation  of  quinonej  CaH402  (316),  which  is  readily 
reconverted  into  quinol  by  reduction.  The  reducing  effect  of 
quinol  is  employed  in  photography  for  the  development  of  nega- 
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tives.  With  ammonia  it  gives  a  red-brown  colouration,  due  to 
the  formation  of  complex  derivatives.  Like  its  isomers,  it  is 
readily  soluble  in  water. 

Trihydric  Phenoli. 

X)H  1 
314  PyrogcHlol  (pyrogallic  acid),  C,H,^OH  2,  is  obtained  by 

\0H  3 
heating  gaUic  acid  (346),  CO,  being  split  off: 

C,H,(OH),COOH  =  C,H3(0H),  +  CO,. 

Gallic  acid  PTrugallol 

Pyrogallol  forms  crystals  melting  at  132°,  and  is  readily  soluble 
in  water.  It  is  a  strong  reducing-agent  in  alkaline  solution;  for 
example,  it  rapidly  absorbs  the  oxygen  of  the  atmosphere,  with  for- 
mation of  a  brown  colouration.  For  this  reason  it  is  employed  in 
ga£-analysis  to  remove  oxygen  from  mixtures.  It  is  also  used  as  a 
developer  in  photography. 

/OH  1 

Phloroglucinol  (symmetrical  trihydroxybenzene).  C,H,v— OH  3, 

\0H  5 
is  formed  by  fusing  various  resins  with  caiistic  potash.  It  is 
crystalline,  and  gives  a  deep-violet  colouration  with  ferric  chloride. 
A  remarkable  synthesis  of  phloroglucinol  has  been  discovered  by 
Baeyer.  When  sodiomalonic  ester  (166)  is  heated,  three  mole- 
cules condense,  with  elimination  of  three  molecules  of  alcohol: 


COOCA— 


C,H^O|CO 


HCNa 


CNa 


c,H,o;co     /^O 


H|— COOCjHj 
OC,H,| 


HCNa 


COOC,H, 

CO 

COOCjHj— CN'abNa— 0OOC,H, 

-  3CA0H  +  OC      CO 

CNa 

I 
COOC,H, 
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On  acidifjring  this  condensation-product,  the  sodium  atoms  are 
replaced  by  hydrogen,  with  formation  of  phloroglucinoUricarboxylic 
ester.  Wlien  this  substance  is  fused  with  caustic  potash,  the 
ethyl-carboxyl-groups  ( — COOCjHg)  are  abstracted,  and  replaced 
by  hydrogen,  phloroglucinol  resulting. 

PhloFOglucinol  should  therefore  have  the  constitution 

CO 

H,C     CH, 

I       I      \ 
00     CO 

CH, 

in  other  words,  it  is  a  hexametbyleue  in  which  three  of  the  methylene 
groups,  =CH„  have  been  replaced  by  carbonyl,  =00;  it  must,  there- 
fore, be  called  triketóhexamethylene.  It  has  been  proved  that  phloro- 
glucinol does  behave  as  though  it  had  this  constitution;  thus,  with 
three  molecules  of  hydroxylamine  it  yields  a  trioxime.  On  the  other 
hand,  phloroglucinol  has  the  character  of  a  phenol;  for  example,  it 
yields  a  triacetate  with  acetyl  chloride.  It  exists,  therefore,  in  two 
tautomeric  forms,  as  a  hexamethylene  derivative  and  as  tribydroxy- 
benzene: 

H 


■i<i> 


HOj<^|  ^OH 

hI/|\!h 


This  is  a  remarkable  example  of  the  alteration  of  the  positions  of  the 
atoms  (the  hydrogen  of  the  OH-groups)  in  the  molecule,  resulting  in 
the  conversion  of  a  benzene  derivative  into  a  derivative  of  hexa- 
methylene. 

Higher  Phenols. 

315.  The  chief  of  these  is  JiexaJiydroxybemene,  Ce(OH)f,  whose 
potassium  derivative,  potassium  carbonyl^  Co(OE)e,  is  formed  in  the 
preparation  of  potassium,  and  develops  an  explosive  character  on  ex- 
posure to  the  air  ('*  Inorganic  Chemistry,*'  227).  It  can  be  obtained 
by  heating  potassium  in  a  current  of  carbon  monoxide,  a  direct  syn- 
thesis of  a  derivative  of  benzene.  Distillation  with  zinc-dust  converts 
hexahydroxybenzene  into  benzene.  It  is  a  white,  crystalline  substance, 
and  undergoes  oxidation  very  readily. 
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lY.   QÜINONBS. 
316.  The  qiiinones  are  substances  derived  by  the  elimination 
of  two  hydroxyl-hydrogen  atoms  from  aromatic  dihydroxy-^eriva- 
tives : 

C,H,(0H)3  -  2H  =  C,HA. 

Dihydroacybensene  Quinone 

The  simplest  quinone  is  benzoquiTionej  CeH^Oj,  and  is  generally 
called  quinone.    It  is  obtained  by  the  oxidatiorl  of  many  p-deriva- 

tives  of  benzene,  such  as  p-aminoplienol  ^9^4<()}i  a*  sulphanilic 
acid,  CeH4<^Q  \r  .,  and  p-phenolsulphonic  acid,  CoH4<c^q  jx   ±9 

and  also  by  the  oxidation  of  aniline  with  chromic  acid — ^the  ordinary 
method  of  preparation.  It  is  also  formed  by  the  oxidation  of 
quinol  (813),  though  the  latter  is  usually  prepared  by  the  re- 
duction of  quinone.  The  two  other  dihydroxybenzenes,  (m-  and 
0-)  do  not  yield  quinones  on  oxidation.  This  property  is  possessed 
only  by  p-dihydroxy-derivatives  of  benzene  and  its  substitution- 
products,  and  by  higher  phenols  containing  OH-groups  in  the  para-- 
position. 

The  quinones  have  usually  a  yellow  colour,  and  a  peculiar,  pun- 
gent odour;  they  volatilize  with  steam  with  partial  decomposition, 
and  have  oxidizing  properties.  The  constitution  of  benzoquinone 
is  best  expressed  by 

CO 

/\ 
HC        CH 


J 


CH 

\/ 
CO 

Such  a  formula  requires  that  benzoquinone  should  be  a  diketone, 

and  contain  two  double  bonds;  its  properties  show  that  it  does  both. 

Its  ketonic  character  is  inferred  from  its  yielding  with  hydroxyl- 

amine  first  a  quinone  monoxime,  and  then  a  quinone  dioxime: 


C=NOH 
HC   CH 

C=-NOH 
HC   CH 

hI  .L    -"^ 

HC   CH 

^ 

C=NOH 
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The  presence  of  double  bonds  is  proved  by  its  power  of  forming 
addition-products;  benzoquinone  in  chloroform  solution  can  take 
up  four  atoms  of  bromine.  According  to  this  constitution,  benzo- 
quinone is  not  a  true  benzene  derivative,  but  the  jMÜketone  of 
a  dihydrobenzenej 

CH, 

HC       CH 

CH, 
The  formation  óf  benzoquinone  from  quinol  is  another  example 
of  the  conversion  of  centric  bonds  into  double  bonds  when  two  of 
the  former  disappear  (270): 

C-0 
HC<^TNcH  HC/\)H 

->      !l      II 

^\)H  C=0 

Some  apparent  exceptions  to  Haber's  scheme  (292)  for  the 
electro-reduction  of  nitro-compounds  may  be  mentioned  here,  be- 
cause they  are  explained  by  assuming  that  quinone  derivatives  are 
formed  as  intermediate  products.  These  exceptions  have  been 
observed  in  the  reduction  of  higher-substituted  nitrobenzene  deriv- 
atives in  alcoholic-alkaline  solution.  According  to  the  scheme,  azo- 
derivatives  should  be  the  chief  products  under  these  conditions,, 
whereas  it  is  found  that  in  some  instances  amines  are  principally 
produced.  Thus,  the  main  product  obtained  from  p-nitraniline  is 
p-phenylenediamine,  while  under  the  same  conditions  m-nitraniUne 
in  a  normal  manner  yields  m-diaminoazobonzene.  This  difference, 
however,  is  readily  explained  by  the  fact  that  p-nitraniline  gives 
rise  to  quinone  derivatives,  whereas  w-nitraniline  does  not;  on 
reduction  of  p-nitraniline  to  the  corresponding  hydroxylamine,  the 
latter  readily  splits  off  one  molecule  of  water,  yielding  quinone 
di-imide : 

NH,-C,H,NÖ,  -^  NHaC,H,-NHOH  -» NH:CeH,:  NH; 

p-Nitraniline   *    p-Amtnophenylbydroxylamine      Quinone  di-imide 

and  the  latter  is  readily  reduced  to  2>-phenylenediamine: 
NH:CaH,:NH  -f  2H  =  H^N-CeH/NHj. 

p-Plieny  leiiediamine 
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m-Nitraniline  is  unable  to  form  a  quinone  derivative,  and  is,  there- 
fore, reduced  normally  in  accordance  with  the  scheme 

m-Nitraniline  Jjjr         ^       "m-tt 

Tetrachloroquijione,  or  chloranil,  QfiXfi^,  is  obtained  by  the  ac- 
tion of  chlorine  on  quinone,  and  also  by  the  oxidation  of  many  organic 
substances  with  hydrochloric  acid  and  potassium  chlorate.  It  forma 
yellow,  glistening  leaves,  and  is  an  oxidi zing-agent. 

817.  Pentametbylene  yields  remarkable  quinones,  obtained  by  the 
oxidation  of  hexahydroxybenzene  in  alkaline  solution.  Among  them 
is  croconic  add,  CgHsOg,  which  has  an  intense  yellow  colour,  and  is 
converted  by  weak  reducing-agents  into  a  colourless  substance,  from 
which  croconic  acid  can  be  obtained  by  oxidation.  On  oxidation, 
croconic .  acid  is  transformed  into  leuconic  acidy  C5O5  +  4H,0.  This 
compound  has  the  constitution 

CO.  CO 
OC  /      \C0  +  4H,0, 

*    \co/ 

since  it  yields  a  pentoxime  of  the  formula  (C:  NOHV 
Y.   P0LYKITB0.DEBiyATIV£8. 

318.  m-Diniirobenzene  is  obtained  by  the  nitration  of  benzene 
with  a  mixture  of  concentrated  sulphuric  acid  and  fuming  nitric 
acid;  it  forms  colourless  needles  melting  at  90®.  On  reduction,  it 
yields  m-phenylenediaminej  and  is  on  this  account  employed  in  the 
preparation  of  aniline  dyes;  it  is  also  used  in  the  manufacture  of 
explosives,  since  it  can  be  exploded  by  mercury  fulminate.  In 
addition  to  the  m-compound,  small  quantities  of  o-dinilrobemene, 
and  traces  of  the  p-derivative  are  formed.  On  stronger  nitration, 
effected  by  a  mixture  of  nitric  and  fuming  sulphuric  acids  at  140**, 
m-dinitrobenzene  is  converted  into  symmetrical  irinitrobemene 
(1:3: 5),  which  melts  at  121°. 

The  hydrogen  atoms  and  nitro-groups  in  the  polynitrobenzenes 
are  much  more  readily  replaced  than  those  in  mononitrobenzene. 
Thus,  7«-dinitrobenzene  is  converted  by  oxidation  into  dinitropkenol, 
and  trinitrobenzene  into  picric  acid,  or  trinitrophenol : 

NO,  NO2  NO2  NO, 


NO,  NO,  NOa  NO, 
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By  the  action  of  sodium  ethoxide  and  methoxide  respectively^ 
one  of  the  nitro-groups  in  o-  and  p-dinitrobenzene  can  be  quanti-^ 
tatively  replaced  by  OC^Hg  and  OCHji 

C,H,<5Jg»  +  NaOCH.  =  C,H,<^^»  +  NaNO,. 

It  is  remarkable  that  this  substitution  does  not  take  place  with 
w-dinitrobenzene. 

When  boiled  with  caustic  soda,  o-dinitrobenzene  yields  nüro- 
phenol,  and  when  heated  with  alcoholic  ammonia,  nitranüine : 

'NÖTïTNa'OH  /OH 

C,H  /  '        =  NaNO,  +  C,H  /       . 

^NO,  2  \N0, 

C.H,<N0,1  +  HNH,„C.H,<N5  +  HN0,. 

Trinitrobutylxylene,  containing  a  tertiary  butyl-group,  has  an 
odour  resembling  musk.  It  is  sold  under  the  name  **  artificial 
musk." 

YL  POLYAMINO-COlCPOUirDS  AHB   THEIB  DEBIYATIYES. 

819.  These  are  obtained  by  the  reduction  of  polynitro-deriva- 

tives.     m-Phenylenediamine,  CoH4<  j^tt^  01  is  got  from  benzene  by 

nitration  and  subsequent  reduction. 

The  p-derivative  can  be  prepared  by  the  reduction  of  amino- 
azobenzene  (304)  with  tin  and  hydrochloric  acid,  aniline  and 
p-phenylenediamine  being  formed: 

C,H,-N:jN-CeH,NH,  =  C,H,NH,  -f  H,NC«H,-NH, . 
+  HjlH, 

Or^Ao-diamino-compounds  react  readily  with  l:2-diketones, 
yielding  quinoxcdines : 

C— R  y^N=C—R 

C— R'  "    \/N=C— R' 

like  the  polyhydric  phenols,  the  polyamino-compounds  are  very 
readily  oxidized.  They  are  colourless,  but  many  of  them  are  turned 
brown  by  oxidation  in  the  air. 
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Azo-dyei. 

320.  The  azo-derivatives^  of  the  polyamino-compounds  are 
known  as  aza-dyes;  they  are  of  great  technical  importance,  being 
extensively  employed  in  dyeing  wool,  silk,  and  cotton.  They  are 
azobenzenes  in  which  hydrogen  atoms  have  been  replaced  by  amido- 
groups.  These  are  not  the  only  dyes;  derivatives  of  azobenzene 
in  which  hydrogen  is  replaced  by  hydroxyl  or  by  the  sulpho-group 
can  likewise  be  employed  in  dyeing.  Some  of  these  will  also  be 
described  here. 

It  is  first  necessary  to  state  certain  facts  regarding  dyes  in 
general.  It  has  been  proved  by  experience  that  it  is  not  by  any 
means  every  colouring-matter  which  can  dye  the  substances 
named  above;  that  is,  colour  them  so  that  the  dye  cannot  subse- 
quently be  removed  by  rubbing,  or  washing  with  water  or  soap.  It 
is,  therefore,  necessary  to  make  a  distinction  between  coloured  sub- 
stances and  dyes;  for  example,  azobenzene  has  a  deep  yellowish- 
red  colour,  but  is  not  a  dye.  The  introduction  of  an  amido- 
group,  however,  converts  it  into  aminoazobenzene,  which  is  a  dye. 
Witt  has  put  forward  the  theory  that  the  colouring-power  of  a 
compound  depends  upon  two  factors.  The  first  of  these  is  the 
presence  of  certain  groups,  which  he  calls  chromophores,  among 
which  are  the  azo-group,  — N=N — ,  the  nitro-group,  and  others. 
Substances  containing  a  chromophore-group,  along  with  NHj,  OH, 
SOjH,  or  in  general  a  group  which  imparts  to  them  an  acidic  or 
basic  character,  are  dyes;  this  is  illustrated  by  aminoazobenzene. 
Another  example  is  nitrobenzene,  which  has  a  pale-yellow  colour, 
and  contains  the  chromophore  nitro-group,  but  is  not  a  dye;  on  the 
other  hand,  p-nitraniline  and  p-nitrophenol  are  dyes. 

821.  In  many  c<ases  it  is  sufficient  to  immerse  the  silk,  wool,  or  cot- 
ton to  be  dyed  in  a  solution  of  the  dye.  Since  it  was  dissolved  at  first, 
but  cannot  be  removed  by  washing  the  fabric  after  it  has  been  dyed,  the 
dye  must  have  undergone  a  change.  It  is  assumed  that  it  unites  with 
the  constituents  of  the  animal  or  vegetable  fibres  to  form  a  compound, 
a  kind  of  salt,  since  dyes  always  have  a  basic  or  acidic  character.  A 
proof  of  this  will  be  given  for  rosaniline  (867). 

In  other  cases  the  fabric  does  not  take  up  the  dye  when  immersed 
in  its  solution  ;  it  has  been  repeatedly  observed  that  dyes  which  be- 
come directly  fixed  on  animal  fabrics,  such  as  silk  and  wool,  do  not 
dye  vegetable  fabrics,  like  cotton,  unless  the  material  to  be  dyed  has 
undergone  a  special  process,  called  mordanting  ;  that  is,  a  substance 
must  be  deposited  in  the  fabric  to^  the  dye,  since  the  latter  will  not 
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unite  with  the  fibres  themselres.  Snch  substances  are  called  mordants; 
they  are  usually  salts  of  weak  bases,  or  acids ;  such  are  aluminium 
acetate,  ferric  salts,  compounds  of  tin  (*'pink  salt,'*  SnOl^,  2NH4OI). 
The  woven  material  is  thoroughly  soaked  in  a  solution  of  one  of  these 
salts,  and  then  spread  out  and  exposed  to  the  action  of  steam  at  a 
suitable  temperature.  The  salt  undergoes  hydrolytic  decomposition, 
and  the  base  or  acid,  for  example  aluminium  hydroxide,  or  stannic 
acid,  is  deposited  in  a  fine  state  of  division  in  the  fabric.  The  dye 
unites  with  this  base  or  acid,  forming  an  insoluble  compound  which 
is  not  removed  by  washing. 


Azo-dyes  are  obtained  by  treating  diazonium  chlorides 
with  aromatic  amines  or  with  phenols: 

CeH,-  NjgTH  |<^~^N(CH3),  =  C,H,-N:N-C,H4-N(CH3),  +  HC1, 

Diaxonium  chloride     biiuochylanillue  DlmethylaminobeDBene 

C,H,-  N.JCTTh/"  V>H  =  C,H,-  N :  N  •  C,H,-  OH  +  HCl, 

\_/  Hydrozyasobenflene 

when  basic  and  acidic  dyes  are  respectively  produced.  It  was  men- 
tioned in  304  that  the  combination  of  a  diazonium  chloride  and  an 
aromatic  amine  sometimes  yields  the  diazoamino-compound  as  an 
intermediate  product,  which  can  be  converted  into  the  aminoazo- 
derivative  by  warming  with  the  amine  hydrochloride.  In  this 
formation  of  aminoazo-compounds  and  hydroxyazo-compounds, 
the  para-H-atom  always  reacts  with  the  diazonium  chloride;  when 
this  atom  is  replaced  by  a  substituent,  the  formation  of  dye  either 
does  not  take  place  or  is  very  incomplete. 

333.  In  preparing  hydroxyazo-dyes,  the  solution  of  the  diazonium 
chloride  is  kept  cool  with  ice,  and  is  slowly  added  to  the  o/A^a/zne  solu- 
tion of  the  phenol  or  its  sulphonic  acid  ;  care  is  taken  to  keep  the  re- 
action-mixture slightly  alkaline,  since  otherwise  the  hydrochloric  acid 
liberated  would  hinder  the  formation  of  the  dye.  After  the  solutions 
have  been  mixed,  the  dye  is  **  salted  out "  by  the  addition  of  common 
salt,  which  precipitates  it  in  flocculent  masses.  It  is  freed  from  water 
by  means  of  filter-presses,  and  put  on  the  market  either  in  the  dry 
state  or  as  a  paste. 

Aminoazo-dyes  are  prepared  by  mixing  the  aqueous  solution  of  the 
diazonium  chloride  with  that  of  the  aromatic  amine  salt,  the  colouring- 
matter  being  subsequently  salted  out.  It  is  sometimes  necessary  to 
employ  an  alcoholic  solution. 

The  simplest  azo-dyes  are  yellow;  on  the  introduction  of  alkyl-groups 
or  phenyl-groups,  and  in  general  on  increase  of  molecular  weight, 
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their  colour  chaTiges  through  orange  and  red  to  violet  and  blue.  They 
are  crystalline,  and  most  of  them  are  insoluble  in  water  and  soluble 
in  alcohol.  Instead  of  the  azo-dyes  themselves,  it  is  often  better 
to  employ  their  sulphonic  acids,  obtainable  from  them  by  the  usual 
method— treatment  with  concentrated  sulphuric  acid. 

324.  A  short  description  of  some  of  these  dyes  may  be  given  here. 

Aniline-yellow  is  a  salt  of  aminoazobenzene;  it  is  now  seldom 

used,  its  place  having  been  taken  by  other  yellow  dyes. 

NH 
Chrysoidine  or  diaminoazobenzene,  CeH5*N:N*CeHj<j»TrT^,  is 

obtained  from  benzenediazonium  chloride  and  m-phenylenediamine. 
It  yields  a  hydrochloride,  crystallizing  in  needles  of  a  reddish  colour 
and  fairly  soluble  in  water;  this  salt  dyes  wool  and  silk  directly,  and 
cotton  which  has  been  mordanted. 

NH 

Bismarck-brown,    NHj  *  CeH^  *  N :  N  *  C0H3  <  ^g^,     (triaminoazo- 

benzene),  is  manufactured  by  diazotizing  one  of  the  NHj-groups 
in  m-phenylenediamine,  and  treating  the  product  thus  obtained 
with  a  second  molecule  of  this  base : 

<^V,P"THÏ<^^NH3   =   HC1  +  <^^N:N<^^NH,, 
NH3  NH,  NHj  NH, 

Even  a  very  dilute  solution  of  nitrous  acid  gives  a  brown  coloura- 
tion with  m-phenylenediamine,  due  to  the  formation  of  Bismarck- 
brown  or  related  substances  ;  this  reaction  furnishes  a  very  delicate 
test  for  nitrous  acid,  and  is  employed  in  water-analysis. 

Helianthine,  or  dimethylaminoazobenzenesulphonic  acid,  is  pre- 
pared by  the  interaction  of  benzenediazonium  sulphonic  acid  and 
dimethylaniline  hydrochloride  in  aqueous  solution : 


H03S'CeH,'N3|OH  +  H|CeH,N(CH3),  « 

=  H,0  +  H03S-CeH,-N:N-CeH,-N(CH3),. 

It  is  not  often  used  as  a  dye,  but  its  sodium  salt,  which  has  a  yellow 
colour,  and  is  turned  red  by  acids,  is  employed  as  an  indicator  in 
volumetric  analysis  under  the  name  methyl-orange, 

OH 

Resorcin-^elloWy   HO3S '  C^H^  *  N :  N  *  CeH3  <  qtt,    (dihydroxyazo- 

benzenesulphonic  acid),  is  obtained  from  resorcinol  (SIS)  and 
benzenediazonium  sulphonic  acid. 
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The  diazo-dyes  are  split  up  into  amino-compounds  by  energetic 
reduction  with  tin  and  hydrochloric  acid.  Thus,  aminoazobenzene 
yields  aniline  and  p-phenylenediamine  : 

CeH,-N=N-C,H,NH,  -^  C,H -NH,  -f  C,H,<5JJJ^2  J. 

This  decomposition  on  reduction  affords  a  means  of  determining 
the  constitution  of  these  dyes,  and  indicates  the  methods  by  which 
they  are  obtained.  For  e!xample,  Bismarck-brown  is  converted  by 
reduction  with  tin  and  hydrochloric  acid  into  a  mixture  of  equi- 
molecular  amounts  of  diaminobenzene  and  triaminobenzene.  Since 
the  molecule  splits  up  at  the  double  bond  of  the  azo-group,  it  fol- 
lows that  the  constitution  of  this  compound  is 

NH,C,H^N:]n-C,H,<NJ^. 

This  also  indicates  that  the  dye  can  be  obtained  by  diazotizing  a 
molecule  of  diaminobenzene,  and  treating  the  product  with  a 
second  molecule  of  diaminobenzene,  in  accordance  with  the  equation 
on  page  418. 

YII.  P0ITBA8IC  ACIDS  AND  THEIB  DEBIVATIVE8. 

DIBASIC  ACIDS. 

325.  The  dibasic  acids  are  the  most  important  members  of  the 
series  of  aromatic  polybasic  acids;  they  are  called  phthalk  acids , 
a  name  derived  from  nAphthalene,  from  which  one  of  them  can  be 
obtained.  Three  isomers  are  possible,  and  all  of  them  are  known. 
LilvB  all  polybasic  acids,  they  yield  neutral  and  acid  esters  and  salts, 
acid  amides,  amino-acids,  etc.  On  distillation  with  lime,  they  are 
converted  into  benzene. 

Phthalic  Acid. 

PhthaJic  add  is  the  or<Ao-dicarboxylic  acid  of  benzene,  and  has 

COOTT  1 
the  formula,  CcH4<p,QQjj  g-     ^^  ^  obtained  by  the  oxidation  of 

aromatic  hydrocarbons  with  two  side-chains  in  the  or/Ao-position^ 
or  their  derivatives  with  substituents  in  the  side-chains.  It  is 
worthy  of  note  that .  chromic  acid  cannot  be  employed  in  this 
oxidation,  since  it  splits  up  or^^o-derivatives  completely  into  CO, 
and  HjO.  Phthalic  acid  is  employed  in  the  preparation  of  artificial 
indigo  (399),  and  is  manufactured  by  oxidizing  naphthalene  (370), 
C|oHg,  by  heating  it  with  very  concentrated  sulphuric  acid. 

Phthalic  acid  is  crystalline,  and  readily  soluble  in  hot  water^ 
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alcohol,  and  ether;  it  has  no  definite  melting-point,  since  on  heat- 
ing it  splits  off  water,  yielding  phthalic  anhydride,  which  sublimes 
in  beautiful,  long  needles: 

Phthalic  anhydride 

326.  If  they  followed  the  ordinary  course  of  the  reaction  form- 
ing acid  chlorides,  phosphorus  pentachloride   and   phthalic   acid 

would  react  to  produce  a  chloride  of  the  constitution  CaH4<^^j^^wp|. 

That  they  do  not,  and  that  phthcdyl  chloride  has  the  structure 

XCl, 

c,hZ  >0, 

can  be  proved  in  various  ways.  When  aluminium  chloride  reacts 
with  phthalyl  chloride  in  presence  of  benzene,  there  results  a  com- 
pound with  the  formula 

c.h/  >o    , 

called  phthalophenone,  whose  constitution  follows  from  its  formation 
by  the  elimination  of  water  from  triphenylcarbinolcarboxylic  acid : 


C,H/    \oili 


W|OH 


-H,0  =  C.H, 


Trfphenylcarbinol-  Phthalophenone 

carbozylic  acid 

Another  proof  of  the  constitution  indicated  above  for  phthal3''I 
chloride  is  the  fact  that  reducing-agents,  such  as  sodium  amalgam 
and  water,  or  zinc  and  hydrochloric  acid,  cause  the  replacement  of 
its  halogen  atoms  by  hydrogen,  with  formation  of  pfUhalide.    This 

/CH, 
substance  has  the  constitution  CeH^^      >0,  since  on  treatment 

with  caustic  soda,  it  yields  hydroxymeihylbemoic  acid : 

•CH^  Tj  •CH2OH 

C,h/    >0  +  oS  =  C.H/ 

XX)  ^  \COOH 
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CHO 
This  proves  it  to  be  a  lactone,  and  not  a  dialdehyde,  C^H^  <  qjtq.  as 

would  be  expected  if  the  formula  of  phthalyl  chloride  were 

Z^,  TT  ^  COCl 

327.  The  oxygen  of  the  carbonyl-group  in  phthalic  anhydride 
tsan  also  take  part  in  other  reactions;  thus,  when  this  substance  is 
heated  with  phenols  and  sulphuric  acid,  phthaleïns  arc  formed: 


CeH,/~V 


0  +  H 


C.H^OH  yC^lnfiK 


Phthalic  anhydride  Phenolphthaletn 

Phenolp?Uhaleïn,  the  simplest  member  of  the  phthale'm  series, 
is  a  yellow  powder;  on  account  of  its  phenolic  character  it  dissolves 
in  alkaline  solutions,  with  formation  of  a  fine  red  colour,  and  is  a 
sensitive  indicator  for  alkalimetry. 

Reaordndphthalein  or  fluorescein  is  characterized  by  the  display 
of  an  intense  yellowish-green  fluorescence  in  alkaline  solution.  It 
owes  its  name  to  this  property,  which  affords  a  delicate  test  for 
phthalic  anhydride,  phthalic  acid,  and  resorcinol,  since  fluorescence 
is  exhibited  by  mere  traces  of  fluorescein.  It  is  prepared  by  heating 
together  resorcinol  and  phthalic  anhydride  at  210*^,  in  presence  of 
zinc  chloride  as  a  dehydrating-agent.  On  treatment  with  bromine, 
fluorescein  yields  tetrabromofluorescein,  whose  potassium  deriva- 
tive, CioHeBr^OjKj,  L^  the  beautiful  dye,  eosin. 

The  constitution  of  the  phthaleins  is  inferred  from  their  being 
convertible  into  derivatives  of  triphenylmethane  (366). 

:o 


328.  Phthalimidcj  CgH^^    >NH,  is  of  importance  on  account  of 

its  application  by  Gabriel  to  the  synthesis  of  primary  amines  with 
substituted  alkyl-groups.  It  is  obtained  by  passing  dry  ammonia 
over  heated  phthalic  anhydride.  The  imido-hydrogen  is  replace- 
able by  metals;  thus,  the  potassium  compound  is  precipitated  by 
the  action  of  caustic  potash  upon  the  alcoholic  solution  of  the  imide. 
When  potassium  phthalimide  is  treated  with  an  alkyl  halide,  the 
metal  is  replaced  by  alkyl;  on  heating  with  acids  or  alkalis,  a 
primary  amine,  free  from  secondary  and  tertiary  amines,  is  split 
off: 
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(il,H,<^N|K  +  Br-ICH^ti  -  C.H  ^  J>N-GnHa„«  ■ 


PotasBium  phüuüimide 


Variously  substituted  alkyl  halides  can  be  employed  in  this 
reaction;  thus,  from  ethylene  bromide,  CHjBr'CHjBr,  is  obtained 
bromoethylaminef  NHj'CHj'CHjBr ;  from  ethylenebromhydrin, 
CHjBr-CHjOH,  hydraxyethylamine,  NHj-CHa'CHjOH;  etc. 

Another  example  is  Emil  Fischer's  synthesis  of  ornithine  (200). 
Potassium  phthalimide  is  brought  into  contact  with  trimethylene 
bromide.: 


.CO 


®aH4<^Q>N|K+  Br|  CH,CH,-CH,Br^ 
->  C,H,<^2>NCH2CH,CH,Br. 

The  compound  obtained  is  treated  with  ethylsodiomalonate,  and 

yields  CeH,  <  ^q  >  N  •  CH^  •  CH^  •  CH^  •  CHCCOOC^Hs) ,,  whose  tertiary 

hydrogen  atom  can  be  substituted  by  bromine.  Saponification 
and  splitting  off  of  COj  give 

GaH4<co>N*CH,-CH,-CH,-CHBrCOOH. 

By  heating  with  aqueous  ammonia,  Br  is  then  replaced  by  NH,. 
Subsequent  heating  with  concentrated  hydrochloric  acid  yields 
ornithine: 

eA<^3>NCH,-CH3-CH,-CH(NH,)-COOH  = 
+  20HH 

-  G.H,<^95  +  H^-GH,GH,CH,CH(NH,)-GOOH. 

vA/^-"-  Ornithine 

These  examples  make  it  evident  that  this  method  can  be  apn 
plied  to  the  preparation  of  the  most  variously  substituted  primary 
amines. 


ISOPHTHAUC  AND  TEREPHTHALIC  ACIDS,  4*3 

929.  HooGEWERFF  and  van  Dorp  found  that  ammonia  reacts  with 

CN 

phthalyl   chloride,  yielding  o^anobemolc   acid,  ^t^A<nQQ^  ï   i* 

must  be  assumed  that  an  iao-imide  of  phthalic  acid  is  formed  as  an 
intermediate  product : 


.ecu  /C=NH  yCN 

CeH/  >  O  ->  CjHX  >  O  ->  OeHZ 

Phthalvl  Iso-imlde  o-OjanobenzoIo 

chloride  acid 


Although  they  have  not  been  able  to  isolate  the  iso-imide  itself,  they 
have  prepared  a  number  of  derivatives  in  which  the  imido-hydrogen  is. 
replaced  by  hydrocarbon-residues. 


Isophthalic  and  Terephthalic  Acid»,  C.H^CCOOH),  (1:8)  and  (1:4). 

330.  Isophthalic  acid  can  be  obtained  by  the  oxidation  of  com- 
pounds with  two  side-chains  in  the  meta-positioUy  and  also  by  the 
oxidation  of  resin  (colophonium)  with  nitric  acid.  It  dissolves  with 
diflSculty  in  water,  and  does  not  yield  an  anhydride. 

Terephthalic  acid  can  be  prepared  by  several  methods;  for  example, 
by  the  oxidation  of  turpentine.  It  is  almost  insoluble  in  water,  alcohol, 
and  ether.  It  does  not  melt  under  the  ordinary  pressure,  but  at  high 
temperatures  sublimes  without  decomposition.  Like  the  iso-acid,  it 
does  not  form  an  anhydride. 

HIGHER   POLYBASIC  ACIDS. 

331.  Tricarboxylic,  tetracurboxylic,  pentacarboxylic,  and  hexa- 
carboxylic  acids  are  known.  The  most  remarkable  is  the  last,  inellitic 
aeidy  on  account  of  its  presence  in  the  mineral  Tumey-stone^  found  in 
brown-coal  seams.  Honey-stone  is  the  aluminum  salt  of  mellitic  acid, 
and  has  the  formula  C„0j,Al2  + ISHjO;  it  forms  yellow  quadratic 
octahedra.  Mellitic  acid  is  produced  by  the  oxidation  of  wood-charcoal 
with  an  alkaline  solution  of  potassium  permanganate  (16).  It  crystal- 
lizes in  fine  needles,  and  is  readily  soluble  in  water  and  alcohol.  On 
heating,  it  loses  two  molecules  of  carbon  dioxide  and  two  molecules  of 
water,  with  formation  of  pyramellitic  anhydride^ 

which  takes  up  water,  and  YiqX^'a  pyromeUitio  acidj  C,H,(000H)4.' 


SSBIVATIVBS  COHTAIHnra    TWO  OB  KOBE  DIBBI1IILA& 
SUBSTITTTSHTS. 


I.  BVLPHO-DEEIVATIVIS. 

Halogen  Snlphonlo  Aoidi. 

332.  Among  these  may  be  mentioned  the  three  hromobenzeno^ 

OH  1 

9tilphonic  acidsy  all  of  which  yield  resorcinol,  CJI^  <  qtt  o>  on  fusion 

with  caustic  potash.  This  is  one  of  the  comparatively  few  cases  of 
substitution  in  which  the  substituting-group  occupies  a  different 
position  from  the  one  replaced  by  it.  Other  similar  examples  will 
be  referred  to  later  (362). 

Phenolsnlphonic  Acids. 

333.  Ortho-phenolsulphonic  and  psLTa^-phenolsulphonic  acids  are 
obtained  by  dissolving  phenol  in  concentrated  sulphuric  acid;  the 
m-aa'd  is  produced  when  m-benzenedisulphonic  acid  is  fused  with 
caustic  potash.  The  o-acid  is  characterized  by  being  readily  con- 
verted into  the  p-compound,  even  on  evaporation  of  its  aqueous 
solution.  Phenol  is  much  more  readily  sulphonated  than  benzene, 
its  solution  in  sulphuric  acid  being  transformed  into  the  two  above- 
mentioned  acids  even  at  ordinary  temperatures. 

o-Pheno1su1phonic  acid  is  employed  as  an  antiseptic  under  the 
name  **aseptol,"  or  *'sozolic  acid."  Di-iodo-p-phetiolstilphonic  acid 
is  also  used  for  the  same  purpose,  under  the  name  '*  sozoiodol." 

p-Aminobenzenesulphonio  Acid  or  Sulphanilic  Acid. 

334.  Svlphanüic  acid  is  obtained  by  heating  aniline  with  fuming 

sulphuric  acid.     Like  its  isomers,  it  is  soluble  with  difficulty  in  cold 

water.    The  basic  properties  of  aniline  are  greatly  weakened  by  the 

introduction  of  the  sulpho-group  into  the  ring,  for  sulphanilic  acid 

cannot  yield  salts  with  acids,  while  the  sulpho-group  reacts  with 

bases,  forming  salts.    The  formula  of  sulphanilic  acid  is  probably 

SO 
CeH4<  Stt'  >  ;  that  is,  it  is  an  inner  salt.    On  fusion  with  caustic 

424 
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potash,  it  does  not  yield  aminophenol,  as  might  be  expected,  but 
aniline.  Oxidation  with  chromic  acid  converts  it  into  quinone.  On 
pouring  a  mixture  of  sodium  sulphanilate  and  sodium  nitrite  in 
aqueous  solution  into  dilute  sulphuric  acid,  an  inner  salt  of  bemeTie- 
diazonium  sidphonic  add  is  precipitated,  as  it  is  nearly  insoluble  in 
water: 

This  compound  is  of  great  importance  in  the  preparation  of  azo- 
dyes  such  as  hdianthine  (324) . 

Sulphobenzoic  Acids. 
836.  The  imido-derivative  of  o-sulphobenzoic  acid, 

C.H,<gg»>NH, 

known  as  saccfiarin,  is  about  three  hundred  times  as  sweet  as  sugar, 
and  on  this  account  is  sometimes  employed  as  a  substitute  for  it. 
Direct  sulphonation  of  benzoic  acid  yields  m-suiphobenzoic  acid 
almost  exclusively,  so  that  saccharin  cannot  be  prepared  by  this 
means.  It  is  obtained  from  toluene,  which,  on  treatment  with 
sulphuric  acid,  yields  a  mixture  of  p-  and  o-toluenesulphonic  adds, 
the  former  being  the  chief  product.  The  o-acid  is  converted  into 
its  sulphamide,  the  methyl-group  of  which  is  then  transformed  into 
carboxyl  by  oxidation  with  potassium  permanganate.  On  heating, 
this  oxidation-product  loses  one  molecule  of  water  very  readily,, 
forming  saccharin: 

CTT  .  r«TT    ^pi  TT  ^  003X1  1 ^  r*  Tj  ^  öOo  •  W  xlj ^ 
5X15   l^Xlj  — ^Oflll^  <  QTj          2  "~*  ^6^4  <  Qii                 ~^ 

Toluene       o-Toluenesul  phonic  acid  oSulphamide 

-  C,H,<S§oNH,  ^  c.H,<  Sg»  >NH. 

o-SuIpbamide  of  benzoic  acid  Saccharin 

Saccharin  is  a  white,  crystalline  powder,  soluble  with  difficulty 
in  cold  water,  and  readily  soluble  in  alcohol  and  ether.  It  takes  up 
one  molecule  of  water,  yielding  the  sulphamide  of  o-sulphobenzoic 
acid,  which  does  not  possess  a  sweet  taste. 

n.  HALOGEN   DERIVATIVEB. 

Halogen  Phenols. 
336.  Oriho-chlorophenol  and  peiTSi-chlorophenol  are  formed  by 
the  direct  chlorination  of  phenol,  and  also  by  reduction  of  the- 
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halogen  nitro-benzenes  and  subsequent  diazotization  of  the  com- 
pounds formed.  They  have  a  pungent  odour.  By  fusion  with 
caustic  potash,  the  halogen  can  be  replaced  by  hydroxyl,  although 
it  is  not  always  the  corresponding  hydroxyl-compound  which  is 
formed.  The  introduction  of  halogen  considerably  augments  the 
acidic  character  of  the  phenols:  thus,  trichlorophenol  decomposes 
carbonates.  It  was  mentioned  in  275  that  the  presence  of  hydroxyl 
in  the  ring  considerably  facilitates  the  substitution  of  the  hydrogen 
atoms  by  halogen.  Iodine,  however,  can  only  substitute  in  pres- 
ence of  an  oxidizing-agent,  to  remove  the  hydriodic  acid  formed; 
since,  unless  this  were  oxidized,  it  would  take  away  the  iodine  atom 
from  iodophenol. 

Halogen  Benzoic  Acids. 

337.  The  7n-compound  can  be  obtained  by  direct  chlorination 
of  benzoic  acid,  but  can  be  more  readily  prepared  by  diazotizing  the 
corresponding  amino-compound.  This  is  also  the  best  method  for 
the  preparation  of  the  ortAo-halogen  and  para-halogen  benzoic  acids. 
Phosphorus  pentachloride  does  not  react  readily  with  the  hydroxy- 
benzoic  acids;  hence  the  halogen  benzoic  acids  cannot  be  satis- 
factorily prepared  by  its  aid. 

As  would  be  expected,  the  acidic  character  of  benzoic  acid  is 
strengthened  by  the  introduction  of  halogen;  the  dissociation  con- 
stant K  of  the  halogen  benzoic  acids  is  greater  than  that  of  benz- 
oic acid  itself.  For  benzoic  acid,  K  is  0*006,  for  o-chlorobenzoïc 
acid  0  132,  for  m-chlorobenzoïc  acid  0*0155,  for  p-chlorobenzoïc 
acid  0*0093.  This  shows  that  the  chlorine  atom  in  the  or^Ao-posi- 
tion  exercises  the  greatest  influence  and  that  in  the  para-position 
the  least,  while  for  the  m-compound  K  is  intermediate  in  value. 

CJombinations  of  halogen  with  the  sulpho-group  are  referred  to  in 
332. 

m.  HTDB0XTL-D£RIVATiy£8. 

HltroBophenol. 

338.  This  compound  reacts  in  certain  respects  as  though  it  had 

NO 
the  constitution  C6H4<qtt,  although  its  formation  from  quinone 

and  hydroxylamine  points  to  the  constitution  C^Hé^^       .    It  is 

formed  by  the  action  of  nitrous  acid  upon  phenol,  or  of  caustic 
potash  upon  nitrosodimethylaniline : 


NITROSOPHENOL  AND  N/TROPHENOLS.  4^7 


CA<B+Hg''°-CJI.<SO  +  H.O, 


0N<(_^|N(CH3),  -f-  H|OH  =  HN(CH3)3  +  0N<'^    ^OH. 


Like  other  oximes,  nitrosophenol,  or  quinone  oxime,  imiteswith 
bases.  It  is  a  colourless  compound,  crystallizing  in  needles  which 
«oon  turn  brown  on  exposure  to  air.  On  oxidation  and  reduction, 
it  behaves  as  though  it  were  nitrosophenol,  yielding  nitrophenol 
and  aminophenol  respectively. 

Hitrophenolfl. 
839.  The  increased  readiness  with  which  the  hydrogen  atoms  of 
the  nucleus  can  be  substituted  after  a  hydroxyl-group  has  been 
introduced  into  benzene  is  illustrated  by  the  behaviour  of  the 
phenols  towards  nitric  acid.  While  it  is  necessary  to  employ  con- 
<ïentrated  nitric  acid  in  order  to  obtain  nitrobenzene  from  benzene, 
phenol  is  converted  by  dilute  nitric  acid  at  low  temperatures  into 
or^to-nitrophenol  and  paro^nitrophenol.  These  two  isomers  can  be 
separated  by  distillation  with  steam,  with  which  only  the  ortho^ 
compound  is  volatile.  MetsL-nitropfienol  can  be  prepared  from 
meto-nitraniline  by  the  diazo-reaction.  Or^Ao-nitraniUne  and  para^ 
nitraniline,  but  not  m^to-nitraniline,  yield  nitrophenols  directly  by 
fusion  with  potash : 

NH3  OH 

NO,  NO2 

This  shows  that  the  substituents  in  benzene  are  much  more  readily 
replaced  when  there  are  several  of  them  than  when  there  is 
only  one.  The  acidic  character  of  phenol  is  strengthened  in  the 
nitrophenols;  they  decompose  all  carbonates,  although  nitrophenol 
is  precipitated  from  a  solution  of  an  alkali-nitrophenoxide  by  carbon 
<iioxide. 

340.  The  best-known  nitrophenol  derivative  is  picric  add,  or 
1:2:4: 6-trinitrophenol, 
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This  substance  has  long  been  known,  and  is  produced  by  the  actio» 
of  concentrated  nitric  acid  upon  a  large  variety  of  substances,  such 
as  silk,  leather,  resins,  aniline,  indigo,  etc.  It  is  prepared  by  dis- 
solving phenol  in  concentrated  sulphuric  acid,  and  carefully  adding 
small  quantities  of  this  solution  to  concentrated  nitric  acid  of  1'4 
sp.  gr.  An  energetic  reaction  takes  place,  after  which  the  reaction- 
mixture  is  warmed  for  some  time  on  a  water-bath;  on  cooling, 
picric  acid  crystallizes  out.  It  cannot  be  further  nitrated  ;  in 
other  words,  it  is  the  final  product  of  the  action  of  nitric  acid  on 
phenol.  This  explains  its  resulting  from  the  action  of  nitric  acid 
upon  such  heterogeneous  substances. 

Solid  picric  acid  has  only  a  very  faint-yellow  colour  when  pure, 
but  its.  aqueous  solution  is  deep-yellow.  It  is  a  strong  acid,  and, 
therefore,  undergoes  considerable  ionization  when  dissolved  in 
water,  the  yellow  colour  being  characteristic  of  the  anion,  since  the 
solution  of  this  acid  in  petroleum-ether,  in  which  no  ionization 
occurs,  is  colourless.  It  is  slightly  soluble  in  cold  water,  and  is  not 
volatile  with  steam.     It  melts  at  122*^. 

A  consideration  of  the  following  reactions  shows  that  picric  acid 
is  comparable  with  the  carboxylic  acids.  Phosphorus  penta- 
chloride  replaces  the  hydroxyl-group  by  chlorine,  with  formation 

of  picryl  chloride, "     \      in    *'  which  has  the  character  of  an 

NO, 
acid  chloride.    Thus,  it  is  decomposed  by  hot  water  into  hydro- 
chloric acid  and  picric  acid,  and  with  ammonia  yields  picramide 

CeHjLrr  2^*  -  *    *   .    Silver  picrate   and  methyl  iodide  jdeld  the 

methyl  ether;  this  has  the  properties  of  an  ester,  being  saponified 
by  boiling  with  concentrated  caustic  alkalis,  and  yielding  picramide 
on  treatment  with  ammonia.  These  facts  afford  further  evidence 
of  the  remarkable  increase  in  the  reactivity  of  the  hydroxyl-group, 
due  to  the  presence  of  the  three  nitro-groups. 

Picric  acid  yields  well-defined  crystalline  salts,  of  a  yellow  or  red 
colour,  which  are  explosive.  'The  potassium  salt  dissolves  with 
difficulty  in  water,  and  the  ammonium  salt  explodes  by  percussion,, 
although  the  acid  itself  does  not. 

Picric  acid  yields  molecular  compounds  with  many  aromatic 
hydrocarbons;  for  example,  with  naphthalene  a  compound  of  the 
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formula  C^^^C^ii^O^^OH,.  These  crystallize  well,  and  are 
sometimes  employed  with  advantage  in  the  separation  of  hydro- 
carbons, or  in  their  identification  by  means  of  the  melting-points 
of  these  compounds.  Picric  acid  is  readily  eUminated  from  them 
by  the  action  of  anunonia. 

Picric  acid  can  be  tested  for  with  an  aqueous  solution  of  potas- 
sium cyanide,  which  yields  a  red  colouration  due  to  the  formation 
of  isopurpuric  acid. 

Picric  acid  is  employed  as  an  explosive,  usually  in  the  form  of  its 
ammonium  salt,  which  leaves  no  residue  on  explosion,  and  is  a  con- 
stituent of  '*  lyddite."  It  is  also  used  as  a  dye,  imparting  a  yellow 
colour  to  wool  and  silk. 

Styphnic  acid,  C«H>j^qV  ,  is  a  type  of  a  nitrated  dihydroxy- 

benzene,  and  is  obtained  by  the  action  of  cold  nitric  acid  upon 
resorcinol,  as  well  as  from  certain  gum-resins  by  the  same  means.. 
The  conversion  of  m-nitrophenol  into  styphnic  acid  by  the  action 
of  nitric  acid  is  a  remarkable  reaction,  the  formation  of  a  hydroxyl- 
group  taking  place  simultaneously  with  the  nitration. 

Aminophenoli. 

841.  Aminophenols  are  formed  by  the  reduction  of  nitrophenols. 
The  acidic  character  in  these  compounds  is  so  weakened  that  they 
do  not  combine  with  bases;  on  the  other  hand,  they  yield  salts  with 
acids.  In  the  free  state  the  aminophenols  are  colourless  solids, 
crystallizing  in  leaflets,  and  readily  turned  brown  by  atmospheric 
oxidation  with  formation  of  a  resin.  Their  hydrochlorides  are 
more  stable. 

o-Aminophenol  yields  compounds  by  the  substitution  of  acid- 
residues  in  the  amido-group;  these  at  once  split  off  water.  They 
are  called  anhydro-baaea : 


^\o 


CH, 


Aoetyl-derivative  EthenyUtminopbenol, 

Aunydrobase 


On  treatment  with  acids,  aminophenol  and  acetic  acid  are  regen-* 
erated. 
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p-Aminophenol  is  obtained  by  the  electro-reduction  of  nitro- 
benzene in  acid  solution  (292). 

The  alkaline  BolntioQ  of  p-aminophenol  rapidly  acquires  a  dark 
colour  unless  sodium  sulphite  is  present.  This  solution  is  sold  under 
the  name  ''  rhodinal,"  and  is  used  as  a  photographic  deyeloper. 

LuMiÈRE  has  discovered  certain  general  conditions  which  aromatic 
compounds  must  fulfil  to  be  available  as  photographic  developers. 
They  must  either  contain  some  hydroxyl-groups  or  amido-groups,  or 
at  least  one  of  each.  In  order  that  the  developing  action  may  not  be 
interfered  with  when  substituents  are  present  in  the  amido-group  and 
in  the  hydroxylgroup,  not  less  than  two  such  unsubstitnted  groups 
must  be  present  in  the  molecule. 

A  derivative  of  p-aminopheool  used  in  medicine  is  phenacetin  or 

OC  H 
acetylphenetidine^   ^•^*<NH^HO'    ^^®    acetamino-derivative   of 

pheuetole,  C.Hj.OCjHj. 

Salts  of  l:2:4-diaminophcnol  are  employed  as  photographic  de- 
velopers under  the  name  ''amidol.*^ 

Honohydroxy-acidi. 

342.  The    most    important    of    the    monohydroxy-acids    is 

OH        1 
o-hydroxybenzoi'c    acid,    or    salicylic   add,    ^t^^'^ c,r\c\T{  o'     ^^ 

derives  its  name  from  salicin,  a  glucoside  in  the  bark  and  leaves  of 
the  willow  {saliz) ;  on  hydrolysis,  this  substance  splits  up  into 
saligenin  and  glucose : 

CisHjsO,  +  H,0  =  C,HA  +  C,Hi  A- 

Salicin  Saligenin  Glucuse 

Saligenin  is  the  alcohol  corresponding  to  salicylic  acid,  into  which 
it  is  converted  by  oxidation: 

C«H,  <  cH^oH  ""  ^«^^  "^  COOH- 

Saligenin  Salicylic  acid 

Salicylic  acid  is  present  as  methyl  ester  in  oil  of  winter-green 
(Gucdtheria  procumbens) ,  from  which  the  acid  is  still  obtained  for 
pharmaceutical  use.  It  can  also  be  prepared  by  the  action  of 
nitrous  acid  on  anthranilic  acid,  o-aminobenzoic  acid  (361),  by  fus- 
ing o-chlorobenzoïc  or  o-bromobenzoïc  acid  v^dth  caustic  potash,  and 
by  other  methods. 

Salicylic  acid  is  manufactured  by  a  process  discovered  by  Kolbb, 
in  which  sodium  phenoxide  is  heated  with  carbon  dioxide  in  an 
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autoclave  at  130®.  Sodium  phenyl  carbonate,  CeHj-O — COONa,  is 
formed  as  an  intermediate  product,  and  on  heating  is  converted 
into  sodiiun  salicylate: 

C^HjONa  +  CO3  =  CeH^O. COONa; 

PTT^H  _pTT^COONa 

^•^*^0. COONa  ■"  ^«^^^OH 

When  COs  is  passed  over  potassium  phenoxide  below  150*",  salicylic 
acid  results;  but  at  a  higher  temperature,  220*,  ^hydroxybenzolc  acid 
is  formed.  Sodium  phenoxide,  on  the  other  hand,  yields  only  salicylic 
acid  at  220° . 

Salicylic  acid  is  a  white,  crystalline  powder,  which  dissolves 
with  difficulty  in  cold  water,  and  melts  at  159**.  When  carefully 
heated,  it  sublimes,  but  on  rapid  heating  splits  up  into  phenol 
and  carbon  dioxide.  With  bromine-water  it  yields  a  precipitate 
of  the  formula  C^HjBrs'OBr.  It  gives  a  violet  colouration  with 
ferric  chloride,  both  in  aqueous  and  alcoholic  solution,  whereas 
phenol  dissolved  in  alcohol  does  not.  When  boiled  with  calcium 
chloride  and  ammonia,  a  solution  of  salicylic  acid  precipitates  basic 

calcium  salicylate,  Cfi^<^^  Ca;  this  affords  a  means  of  sepa- 
rating salicylic  acid  from  its  isomers,  which  do  not  give  this 
reaction. 

Salicylic  acid  is  a  powerful  antiseptic,  and  is  employed  as  a 
preservative  for  foods  and  such  beverages  as  beer.  It  is  not,  how- 
ever, completely  innocuous. 

When  the  acid  is  heated  to  220°,  it  loses  carbon  dioxide  and 
water,  with  formation  of  salicylic  phenyl  eater : 

^^•H*< COOfïïl  "^  ^«^KjÖÖ^H  "  ^^'  "^  "'^  "^  ^•'^^^ COOCeHj- 

This  compound  is  employed  as  an  antiseptic  under  the  name 
"salol/*  By  heating  to  300°,  its  sodium  derivative  is  converted 
into  the  sodium  salt  of  phenylsalicylic  acid: 

p  TT  ^  ONa         _^  m  ^  OC^Hj 
^•^^^COOCeH^""  ^«^^^COONa- 

The  anhydride  of  salicylic  acid  is  proved  by  the  cryoscopic  deter, 
mination  of  its  molecular  weight  to  have  a  molecule  of  the  formula 
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/CeH4<Q   >)  ;  it  is  obtained  by  the  action  of  phosphorus  oxy- 

chloride  upon  the  acid.  This  anhydride  crystallizes  with  two  mole- 
cules of  chloroform,  which  are  driven  off  on  warming.  This  process 
was  formerly  used  in  the  preparation  of  pure  chloroform. 

343.  Meta-  and  pstxsr-hydroxybemo'ic  acids  yield  no  colouration 
with  ferric  chloride.    Their  basic  barium  salts  are  insoluble. 

From  the  fact  that  the  monosubstitution-products  of  benzene  are 
not  known  in  isomeric  forms,  the  conclusion  is  drawn  that  the  six 
hydrogen  atoms  of  benzene  are  of  equal  value  (268).  The  following  is 
a  more  direct  proof  of  this  equality. 

Phenol  is  converted  by  the  action  of  phosphorus  bromide  into 
bromobenzene,  which  yields  benzoic  acid  when  treated  with  carbon 
'  dioxide  and  sodium  (296,  4) : 

CeHjOH  -♦  C.HjBr  -♦  C.Hft.COOH. 

If  the  position  of  the  hydroxyl-group  in  phenol  is  denoted  by  a,  th(y 
position  of  the  carboxyl-group  in  the  benzoic  acid  obtained  from  it 
must  also  be  denoted  by  a. 

There  are  three  isomeric  hydroxybenzolc  acids,  all  of  which  can  bo 
converted  into,  or  obtained  from,  benzoic  acid  ;  these  may  be  denoted 
by  a: 6,  a:c,  and  aid,  a  being  the  position  of  the  carboxyl-group, 
and  6,  c,  and  d  of  the  hydroxyl-group.  By  elimination  of  COi,  all  oC 
these  yield  phenol,  proving  that  the  positions  of  the  hydroxy  1-groups 
are  of  equal  value.  Moreover,  since  benzoic  acid  is  obtained  from 
phenol,  a  must  be  equal  in  value  to  the  other  three,  so  that 
a  =  6  =  c  =  d. 

ll  has  still  to  be  proved  that  the  two  remaining  positions  e  and  / 
are  equal  in  value  to  the  other  four.  The  starting-point  for  this 
second  part  of  the  proof  is  benzoic  acid,  the  position  of  whose  car- 
boxyl-group may  again  be  indicated  by  a.  On  bromination  it  yields 
a  bromobenzolc  acid  (meta),  which,  since  it  can  be  converted  into  a 
hydroxybenzolc  acid,  must  have  its  Br-atom  either  at  6,  c,  or  d.  Let 
it  be  arbitrarily  assumed  that  it  is  situated  at  c.  On  nitration,  this 
bromobenzolc  acid  yields  two  isomeric  bromonitrobenzolc  acids,  whose 
isomerism  can  evidently  only  be  due  to  a  difference  in  position  of  the 
nitro-group,  since,  in  both,  the  carboxyl  is  at  a,  and  the  Br  at  o. 

These  two  bromonitrobenzolc  acids  can  be  so  reduced  that  tfao 
nitro-group  is  converted  into  an  amido-group,  and  the  bromine 
atom  replaced  by  hydrogen  at  the  same  time.  The  same  aminoben- 
zolc  acid  results  from  each.  This  is  only  possible  when  the  positions 
occupied  by  the  nitro-groups  relative  to  a  are  identical.  The  amino- 
aoid  thus  obtained  is  anthranilic  acid  (861),  which  is  readily  converted 
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into  bydrozybenzolc  acid  (salicylic  acid).  It  follows  that  the  nitro- 
gFoap  in  one  of  the  isomeric  bromouitrobenzoXc  acids  is  at  6,  c,  or  d. 
As  it  was  arbitrarily  assumed  that  the  Br-atom  ia  at  c,  then  the  choice 
lies  between  h  and  d  ;  suppose  it  to  be  &. 

The  nitre-group  in  thjB  other  bromouitrobenzoXc  acid  cannot  be 
aituated  at  d^  since  the  aminobenzoXc  acid  obtained  from  it  would  then 
h&a-.d,  and  therefore  different  from  the  amino-acid  a  :  6,  just  as  the 
hydroxybenzoXc  acid  a : d  differs  from  a : I  and  a\c\  whereas  experi- 
ment proves  that  the  two  amino-acids  are  identical.  The  nitro-group 
in  the  other  bromouitrobenzoXc  acid  must  therefore  be  at  e  or/ ;  let  it 
be  arbitrarily  supposed  to  be  at/,  and  it  follows  that  6  =/. 

/Br       c 

^'^*\nO^^/  -^     AnthranUic  add 

The  equality  of  the  position  e  with  the  others  is  proved  similarly 
Antbranilic  acid  (a:b=/)  is  converted  into  hydroxybenzoXc  (salicylic) 
acid,  which  on  nitration  yields  two  isomeric  nitrosalicylic  acids,  whose 
hydroxyl  can  be  exchanged  for  hydrogen  by  a  process  which  need  not 
be  described  here.  Both  yield  the  same  nitrobenzOXc  acid,  from  which 
follows  the  equivalence  relative  to  a  of  the  two  positions  occupied  by 
the  nitro-groups  in  the  isomers.  One  of  these  positions  is  c,  since  on 
reduction  this  nitrobcnzoXc  acid  yields  m-aminobenzoXc  acid,  which 
can  be  converted  into  the  above-mentioned  ?7»-bromobenzoXc  acid  a :  c. 
The  nitro-group  in  the  other  nitrosalicylic  acid  cannot  be  in  the  posi- 
tion 6  =/,  as  the  nitrobenzoXc  acid  obtained  from  it  does  not  yield 
anthranilic  acid  on  reduction;  position  d  is  also  excluded,  since  it 
would  not  allow  the  two  nitrobenzoXc  acids  to  be  identical.  There 
remains  therefore  only  the  position  e,  from  which  it  follows  that 
«  =  6.    Hence,  a  =  b  =  c  =  d  =  e  =  ƒ :  • 

/COOH    a  c  H,/^OOH    a       ^ 

AnthnwiUc  acid  Salicylic  acid 

/COOH    a 
^•^»\  2S      ^^-^     y^      njj  >^00H  a  ^  ^  /COOH  a 

/COOH    a         N,  \N0,    €=e  \NH,    c=tf 

OQ^^OH       b=f  Nltrobemolcadd  Amlnobeiuolc  add 

\nO,        e 
Isomeric  nitroeallcylic  adds 
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Sihydrozy-aoids. 

yCOOH  1 
844.  Among  these,  protoccUechuic  acid,  CJ3,^0H.       3,    may 

\0H  4 
be  mentioned.  It  is  obtained  from  many  resins  by  fusion  with 
potash,  and  synthetically  by  heating  catechol  with  ammonium 
carbonate,  the  latter  method  being  a  striking  example  of  the  readi- 
ness with  which  the  carboxyl-group  can  sometimes  be  introduced 
into  the  ring.  It  is  easily  soluble  in  water;  it  reduces  an  ammon- 
iacal  silver  solution  but  not  an  alkaline  copper  one.  It  gives  a 
characteristic  reaction  with  ferric  chloride,  yielding  a  green  colour, 
which  changes  to  blue  and  finally  to  red,  on  addition  of  a  very 
dilute  solution  of  sodium  carbonate. 

Trihydrozy-acids. 

TOOHl 

34Ö.  The  best  known  of  these  is  gallic  acid,  C^H^X  qtt      ?.    It 

OH  5 
is  a  constituent  of  gall-nuts,  tea,  and  divi-divij  a  material  used  in 
tanning.  It  is  usually  prepared  by  boiling  tannin  with  dilute 
acids.  It  crystallizes  in  fine  needles,  readily  soluble  in  hot  water. 
It  was  mentioned  in  314  that  the  acid  loses  CO,  on  heating,  form- 
ing pyrogallol.  Gallic  acid  reduces  the  salts  of  gold  and  silver,  and 
gives  a  bluish-black  precipitate  with  ferric  chloride.  In  alkaline 
solution  it  is  turned  brown  in  the  air  by  oxidation,  in  the  same  way 
as  pyrogallol. 

Gallic  acid  is  used  in  the  manufacture  of  blue-black  ink.  For  this 
purpose  its  aqueous  solution  is  mixed  with  a  solution  of  ferrous  sul- 
phate containing  a  trace  of  free  sulphuric  acid.  Without  the  acid,  the 
ferrous  sulphate  would  quickly  oxidize  in  the  air,  giving  a  thick,  black 
precipitate  with  the  gallic  acid ;  this  oxidation  is  retarded  in  a  remark- 
able manner  by  the  addition  of  a  very  small  quantity  of  sulphuric 
acid.  As  soon  as  the  solution  is  brought  into  contact  with  paper,  the 
free  acid  is  neutralized  by  the  alumina  always  present  in  the  latter, 
and,  as  oxidation  is  no  longer  prevented,  the  writing  in  drying  turns 
deep-black.  As  the  mixture  of  the  solutions  of  ferrous  sulphate  and 
gallic  acid  has  only  a  faint  brown  colour,  which  would  make  the  fresh 
writing  almost  invisible,  indigo-carmine  is  added  to  the  mixture.  This 
imparts  to  the  ink  coming  from  the  pen  a  dark-blue  colour,  which 
changes  by  the  above-mentioned  process  to  a  deep  black. 
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The  tannins,  or  tannic  acids,  are  very  closely  related  to  gallic  acid, 
and  are  widely  distributed  in  the  vegetable  kingdom.  The  tannins 
are  compounds  which  are  soluble  in  water,  have  a  bitter,  astringent 
taste,  yield  a  dArk=blue  or  green  j3recipitate_ydth_fe£ricjalts^con- 
vert  substances  containing  gelatine — such  as  animal  hides — ^into 
leather,  and  precipitate  albumins  from  their  solutions.  Some  of 
the  tannins  are  glucosides. 

The  most  typical  tanning-material  is  tannin  or  tannic  add,  con- 
tained in  oak-bark.  It  is  a  derivative  of  gallic  acid,  into  which  it  is 
converted  by  boiling  with  dilute  hydrochloric  acid.  Tannin  is 
optically_active,  and  seems  to  have  a  somewhat  complicated  molec- 
ular structure. 

It  is  best  obtained  from  gall-nuts — pathological  excrescences  on 
the  leaves  and  branches  of  the  oak,  caused  by  an  insect.  Turkish 
gall-nuts  are  especially  rich  in  tannin,  yielding  as  much  as  65  per 
cent. 

Tannin  imparts  its  characteristic  bitter  taste  to  many  beverages— to 

tea  which  has  been  too  long  infused,  for  instance.    The  addition  of 

milk  removes  this  bitter  taste,  because  the  tannin  forms  an  insoluble 

compound  with  the  albumin  present  in  the  milk. 

Tannin  is  a  white  (sometimes  yellowish),  amorphous  powder 
readily  soluble  in  water,  only  slightly  in  alcohol,  and  insoluble  in 
ether.  It  forms  salts  with  two  equivalents  of  the  metals,  and  pre- 
cipitates many  alkaloids,  such  as  strychnine  and  quinine,  from 
their  aqueous  solutions  (401). 

A  distinction  is  drawn  between  the  different  kinds  of  tanning- 
substances,  which  have  properties  analogous  to  those  of  tannin,  but 
differ  from  it  in  composition.  They  are  named  after  the  plants  in 
which  they  are  found;  kino-tannin,  calechw-tannin,  moringa-tannin, 
coffee4annin,  oak-tannin,  quinine-tannin,  and  others  are  know^n. 

Si6.  The  tannins  are  used  in  medicine  and  in  the  tanning  of  hides. 
In  making  leather,  the  hide  is  saturated  with  the  tannin,  because 
without  this  treatment  it  cannot  be  used  in  the  manufacture  of  shoes, 
etc.,  since  it  soon  dries  to  a  hard,  horn-like  substance,  or  in  the  moist 
condition  becomes  rotten.  When  saturated  with  tannin  it  remains 
pliant,  and  does  not  decompose. 

The  skin  of  an  animal  consists  of  three  layers,  the  epidermis,  the 
cuticle,  and  the  fatty  layer.  The  cuticle  being  the  part  made  into 
leather,  the  two  other  layers  are  removed  by  suspending  the  hides  in 
running  water,  when  the  epidermis  and  fatty  layer  begin  to  decern- 
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pose,  and  are  easily  remoyed  by  means  of  a  blnnt  knife.  Alternate 
horisontal  layers  of  the  hides  thus  prepared  and  oak-bark  or  some 
other  material  containing  tannin  are  placed  in  large  troughs  or  vats, 
which  are  then  filled  with  water.  At  the  end  of  six  or  eight  weeks 
the  hides  are  taken  out  and  placed  in  a  second  vat  containing  fresh 
bark  of  stronger  quality.  This  is  continued  with  increasingly  concen- 
trated tannin-solutions  until  the  hides  are  perfectly  tanned,  the  process 
lasting  as  long  as  two  or  three  years,  according  to  the  thickness  of  the 
hide.  Whether  a  hide  is  thoroughly  saturated  or  tanned  may  be 
judged  from  the  appearance  of  its  cross-section,  or  by  treatment  with 
dilute  acetic  acid  ;  if  this  treatment  makes  it  swell  up  internally,  it 
shows  that  the  conyersion  into  leather  is  incomplete.  It  is  still  a 
matter  of  doubt  whether  tanning  is  a  mechanical  or  a  chemical  process. 
According  to  some,  the  tannin  is  simply  deposited  mechanically  in  the 
hides ;  according  to  others,  chemical  union  takes  place  between  the 
tissue  of  the  hide  and  the  tannin.  The  first  view  is  held  by  most 
chemists. 

Acids  Containing  Hydrozyl  or  Carbozyl  in  the  Side-chains. 
347.  Three  different  types  are  here  possible: 

1 .  OH  in  the  side-chain,  COOH  in  the  ring ; 

2.  COOH  in  the  side-chain,  OH  in  the  ring; 

3.  OH  and  COOH  both  in  the  side-chain. 


The  following  are  representatives  of  these  three  classes. 

.  1.  Hydroxymethylbenzo'ic<icid,C^R^<Qr^'rT  2>  was  mentioned 

in  328.    It   yields   phthalide    by  separation  of   water,   and   is 

obtained  by  boiling  o-xylylene  chloride,  CJE[^<QT^rnf  with  water 

and  lead  nitrate. 

OH 
2.  p-Hydroxyphenylpropumic  acid,  ^•^4<cjr.Qjx,Q(X)B.  ^ 

of  some  importance  owing  to  its  relation  to  tyrosine  (M.P.  235®) — 
which  derives  its  name  from  its  presence  in  old  cheese,  and  is  pro- 
duced when  albumins,  such  as  the  whit€  of  egg,  horn,  hair,  etc., 
are   boiled  with  hydrochloric  or   sulphuric  acid.      Its   formula 

is  C3uN0,,  and  its  structure  HOC-H.CH,.Cc^XX)H:  it  is  the 

a-amino-acid   corresponding    to  p-hydroxyphenylpropionic   acid. 
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Being  an  amino-acid,  it  yields  salts  with  acids  as  well  as  with 

bases. 

OH 
o-Jïydroxycinnamicocid, C«H4<pjT.QTT./Y)QTT,  exists  in   two 

forms,  cumaric  acid  and  cumarinic  add,  which  are  easily  converted 
into  each  other.  Cumarinic  acid  is  not  known  in  the  free  state, 
but  only  in  the  form  of  salts,  since  it  at  once  loses  a  molecule  of 
water  when  set  free,  yielding  cumarin,  the  aromatic  principle  of 
wood-ruff  {Asperula  odorata),  Cumaric  acid,  on  the  other  hand, 
does  not  yield  a  corresponding  anhydride;  removal  of  water  pro- 
duces cumarin,  which  is  converted  into  salts  of  cumarinic  acid  by 
treatment  with  alkalis.  This  behaviour  recalls  that  of  fumaric 
and  maleic  acids  (170),  and  it  may  be  assumed  that  this  is  a  similar 
case  of  stereoisomerism.  Both  acids  may  then  be  represented  as 
follows: 

H-CCeH^OH    HCCeH^OH  HCC.H, 

II  II  -H,0    -        I!    >0. 

HOOCC-H  HC-COOH  HCCO 

Cumaric  acid;  Cumarinic  acid;  CumaHa 

glFes  no  corrt* Rpobdictf  only  known  in  the  form 

anhydride  of  salts 

Cumarin  can  be  obtained  from   salicylaldehyde  by  Perkin's 

OlC  H  O 
«ynthesis  (309);  acetylcumaric  acid,  C^H^ <    '  '    '   CQQIH'  ^^^^^ 

formed,  and  is  converted  into  cumarin  by  heating,  acetic  acid  being 
split  off. 

3.  Mandelic  add  has  both  hydroxyl  and  carboxyl  in  the  side- 
chain.  Its  constitution  is  C^Hj-CHOH-COOH,  as  its  synthesis 
from  benzaldehyde  and  hydrocyanic  acid  indicates.  The  mandelic 
Acid  found  in  nature  is  Isevo-rotatory;  the  synthetical  acid  can  be 
«plit  up  by  the  action  of  cultures  obtained  from  mildew  {PenidUium 
-glaucum),  the  dextro-rotatory  acid  being  left  intact.  The  decom- 
position is  also  effected  by  the  formation  of  the  cinchonine  salts, 
when  the  salt  of  the  dextro-rotatory  acid  crystallizes  out  first. 

Hydrozy-aldehydei. 

348.  These  can  be  obtained  artificially  by  a  synthetical  method 
generally  applicable  to  the  preparation  of  aromatic  hydroxyalde- 
hydes.  It  consists  in  treating  the  phenols  in  ethereal  solution  with 
anhydrous  hydrocyanic  acid  and  hydrochloric-acid  gas,  it  being 
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sometimes  an  advantage  to  add  a  small  quantity  of  zinc  chloride  as 
a  condensing-agent.  This  mode  of  synthesis  was  discovered  by 
Gattermann,  whose  name  it  bears.  The  hydrochloride  of  an 
imide  is  formed  as  an  intermediate  product,  and  can  sometimes  be 
isolated: 

CeH,OH  +  HCN  +  HCl  =  C,H,<gg.j^jj.jj(jj 

On  treatment  with  warm  water,  the  imide-salt  is  converted  into 
che  hydroxyaldehyde  and  ammonium  chloride: 

^•^*<CH:NH.HC1"^  H^O  =  G,H,<pyQ  +  NH^Cl. 

P'Hydroxybemaldehyde  is  here  obtained  from  phenol. 

/OH     1 
SalicyMdehyde,  CoH^S^q  .Hg,  occurs  in  volatile  oü  of  spirasa^ 

The  o-hydroxyaldehydes  colour  the  skin  deep  yellow. 

C<^  1 

/  the 

To  this  class  of  substances  belongs  vanüliUf  C«Hj^0CH,3' 

\0H     4 

methyl  ether  of  pyrocatechualdehyde.  It  is  the  aromatic  principle  of 
vanilla,  and  is  prepared  on  the  large  scale  by  oxidizing  isoeugenoLy 

/OH 
C^Hj^  OCHs  .    This  substance  is  obtained  by  boiling  eugenol, 

\CH:CH.CH, 

/OH 
CoHj^OCHa  ,  with  alcoholic  potash,  which  alters  the  posi- 

\CH2.CH:CH2 
tion  of  the  double  linking  in  the  side-chain.    Eugenol  is  the  chief 
constituent  of  oil  of  cloves. 

For  compounds  containing  the  hydroxyl-group  and  the  sulpho- 
group  or  the  halogens,  cf,  respectively  333  and  338. 

IV.  COMPOTTirDS  WITH   THE  HITBO-GBOÜP  AND  AMIDO  OB0ÜP. 

Hitranilines. 

349.  These  compounds  can  be  obtained  by  the  partial  reduc- 
tion  of  dinitro-compounds  by  means  of  ammonium  sulphide. 
Another  method  for  their  production  consists  in  the  nitration  of 
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anilines,  though  if  nitric  acid  is  allowed  to  act  directly  on  this  base 

the  resulting  products  are  mostly  those  of  oxidation.    If  nitration 

is  to  be  carried  out,  the  amido-group  must  be  "protected"  against 

the  action  of  this  acid,  either  by  first  converting  the  aniline  into 

acetanilide,  or  by  causing  the  nitric  acid  to  react  in  presence  of  a 

large  quantity  of  sulphuric  acid.    When  the  acetyl-compound  is 

employed,  p-nitraniline  is  the  chief  product,  o-nüranüine  being 

formed  when  sulphuric  acid  is  used. 

In  these  substances  there  is  a  weakening  of  the  basic  character, 

m-mtraniline,  for  example,  yielding  salts  which  are  decomposed  by 

water. 

NO 
The  o-,  nv-,  and  p-nitranilines,  CeH4<  j^jt',  are  yellow,  crystalline 

compounds,  readily  soluble  in  alcohol.    Their  melting-points  are 
respectively  71°,  114°,  and  147°. 

Vitrobenzoie  Aoidf. 

3Ö0.  The  meto-compound  is  the  principal  product  obtained  by 
nitrating  benzoic  acid ;  some  of  the  ortho-ACid  and  a  very  small  quan- 
tity of  the  para-acid  are  formed  at  the  same  time.  The  ortho- 
compound  is  best  obtained  by  the  oxidation  of  ortAo-nitrotoluene, 
and  is  characterized  by  an  intensely  sweet  taste. 

The  introduction  of  the  nitro-group  causes  a  large  increase  in  the 
value  of  the  dissociation  constant  K,  which  for  benzoic  acid  itself 
is  0-006,  for  o-nitrobenzoic  acid  0-616,  for  the  m-acid  0-0345,  and 
for  the  p-acid  0  •  0396.  The  melting-points  of  these  acids  are  respec- 
tively 148°,  141°,  and  241°. 

Aminobenzoic  Acids. 

361.  The  most  important  of  these  is  the  o-acid,  called  anthraniiic 
acid,  first  obtained  by  the  oxidation  of  indigo.  It  has  quite  the 
character  of  an  amino-acid,  yielding  salts  with  both  acids  and  bases. 
It  possesses  a  sweet  taste,  and  slightly  antiseptic  properties.  It  is 
obtained  by  the  method  of  Hoogewerff  and  van  Dorp  (244),  by 
treating  phthalimide  with  bromine  and  caustic  potash;  the  potas- 
sium salt  of  phthalaminic  acid  is  first  formed,  and  then  changes  into 
anthraniiic  acid: 
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Phthalimide        Potuslum  phOuüamlnAte    AnthranlUc  add 

Anthranilic  acid  melts  at  145°,  and  can  be  sublimed  without 
decomposition;  it  is  readily  soluble  in  water  and  in  alcohol.  By  the 
method  given  above  it  is  prepared  technically  for  the  synthesis  of 
indigo,  bleaching-powder  being  substituted  for  the  caustic  potash 
and  bromine. 
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352.  Orientation  is  the  determination  of  the  positions  which 
the  side-chains  or  substituents  in  the  benzene-ring  occupy  in 
relation  to  one  another.  A  description  of  a  number  of  the  most 
important  substituted  benzene  derivatives  having  been  given  in 
the  foregoing  pages,  it  becomes  necessary  to  furnish  an  insight  into 
the  methods  by  which  orientation  is  carried  out. 

These  rest  on  two  main  principles. 

1.  Relative  determination  of  position. — ^The  compound,  the  posi- 
tion of  whose  substituents  is  unknown,  is  converted  into  another 
with  known  positions;  from  this  it  is  inferred  that  the  first  com- 
pound has  its  substituents  arranged  similarly  to  the  second.  If, 
for  example,  the  constitution  of  one  of  the  three  xylenes  is  required, 
the  hydrocarbon  can  be  oxidized;  the  particular  phthalic  acid 
formed  indicates  the  positions  of  the  methyl-groups  in  the  xylene 
under  examination,  provided  the  positions  of  the  carboxyl-groups  in 
the  three  phthalic  ucids  are  known. 

In  order  to  apply  this  method,  it  is  necessary  to  know  the  posi- 
tions of  the  substituents  in  a  small  number  of  compounds,  and  it 
is  further  assumed  that  the  positions  of  the  substituents  remain 
the  same  during  the  course  of  the  reactions  which  have  to  be 
made  use  of.  Experience  has  shown  that  this  is  true  in  most 
cases,  although  the  position  of  the  side-chain  does  alter  in  a  few 
reactions. 

It  was  stated  in  8S8  that  the  three  bromo-snlphonic  acids  are  con. 
verted  into  resorcinol  by  fusion  with  caustic  potash.  There  are  other 
examples  of  change  of  position  when  the  sulpho-group  is  replaced  by 
the  hydroxyl -group,  by  fusion  with  caustic  alkalis. 

In  order  to  avoid  erroneous  conclusions,  it  is,  therefore,  desirable 
in  cases  of  doubt  to  check  the  determination  of  position  by  convert- 
ing the  substance  into  another  compound. 

2.  AbsoliUe  determination  of  position, — ^This  is  the  determina- 
tion of  the  positions  of  the  substituents  without  having  recourse 
to    other    compounds  the  positions  of  whose  substituents  are 

441 
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known.  A  general  method  is  afforded  by  Korner's  principle,  by 
which  it  is  possible  to  ascertain  whether  substances  C^H^X^,  con- 
taining two  substituents,  are  oriho-,  meta-,  or  para-compounds;  this 
is  effected  by  determining  the  number  of  trisubstitution-products 
corresponding  to  them. 

When  a  third  group,  Y,  is  introduced  into  an  oriAo-compound, 
CgH^Xj,  whether  Y  is  the  same  as  or  different  from  X,  only  two 
isomers  can  be  formed, 

X  X 

and 


the  introduction  of  a  third  group  into  a  metarcoxnpound  renders 
possible  the  formation  of  three  isomers, 


and 


while  in  the  case  of  a  para-compound  the  introduction  of  a  third 
group  yields  only  one  trisubstitution-product, 


In  addition  to  this  general  method,  theïe  are  others  for  special 
cases,  several  of  which  may  be  mentioned  here;  it  will  be  observed 
that  they  fully  substantiate  the  conclusions  already  arrived  at  by 
Korner's  method. 

1.  Absolute  determination  of  position  for  or^Ao-oompoimds. 

353.  For  the  or/Ao-series,  the  structure  of  a  dibromobenzene 
melting  at— 1°  is  determined  by  means  of  Korner's  principle;  this 
body  yields  two  isomeric  nitrodibromobenzenes.  The  constitu- 
tion of  a  xylene  boiling  at  142^  and  melting  at  —28°,  has  also 
been  established  by  this  method;   it  gives  rise  to  two  isomeric 
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nitroxylenes  when  treated  with  nitric  acid.  This  xylene  is  con- 
verted into  phthalic  acid  by  oxidation,  showing  that  the  latter  is 
an  ortAo-compound. 

That  the  carboxyl-groups  of  this  acid  are  in  the  or^Ao-position 
was  also  determined  by  a  different  method,  by  means  of  the 
oxidation  of  naphthalene,  Cj^Hg,  a  hydrocarbon  which  is  con- 
verted into  phthalic  acid  by  this  treatment.  This  fact  shows 
that  its  structure  must  be  Cfi^<CJi^j  in  which  the  group  C4H4  is 
linked  to  two  positions  in  the  benzene-ring.  When  naphthalene  is 
treated  with  nitric  acid,  nitronaphthalene  is  formed,  tod  is  con- 
verted by  oxidation  into  nitrophthalic  acid.  The  group  C4H4  has, 
therefore,  been  converted  into  two  carboxyl-groups  in  this  case  also: 


NO,.CeH,<C,H, 

*  Nitronaphthalene 


N0j-C«H8<QQQjj. 

Nitrophthalic  add 


If,  however,  the  nitro-group  is  reduced,  and  the  aminonaphthalene 
thus  obtained  oxidized,  phthalic  acid  is  formed.  Hence,  it  follows 
that  the  group  C4H4  forms  a  second  b.enzene-ring  with  the  two  car- 
bon atoms  of  the  benzene-ring,  so  that  naphthalene  must  be  repre- 
sented thus: 


The  oxidation  of  nitronaphthalene  and  aminonaphthalene  is 


expressed  as  follows: 


and 


•?\ 


HOOC 
HOOC 


0 


\ 
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This  shows  that  phthalic  acid  must  be  an  ortóo-compound,  because 
if  it  be  assumed  to  have  the  m^fa-structure,  for  example,  naphtha- 


lene must  be  represented  by  the  formula  I      J       J,  which  leads. 

at  once  to  a  contradiction,  since  there  could  not  then  be  a  benzene 
derivative  produced  by  the  oxidation  of  both  nitronaphthalene'and 
aminonaphthalene. 

2.  Absolute  determination  of  potition  for  meto-compoimds. 

364.  The  proof  that  mesitylene  is  symmetrical  trimethylbenzene 
(1:3: 5)  is  stated  by  Ladenburg  as  follows. 

H 

CH  '''^^    tCH 
If  .this  compound  has  the  constitution     tt|       la  *;  ^^^  three 

CHa 
hydrogen  atoms  directly  linked  to  the  benzene-ring  must  be  of 
equal  value.    If  this  can  be  proved,  the  structure  of  mesitylene  is 
established. 

The  proof  of  the  equality  is  as  follows.  Ou  nitrating  mesitylene  a 
dinitro-oompoand  is  obtained.    If  the  hydrocarbon  is  represented  by 

I.    C,(CHJ,HHH, 
the  dinitro-compound  may  be  arbitrarily  assumed  to  be 

II.     Ce(CH,),NO,NO,H. 

One  of  the  nitro-groups  of  the  dinitro-compound  is  reduced^and  the 
resulting  amino-compound  is  converted  into  an  acetyl- derivative ; 
suppose  that  this  acetyl-derivative  is 

III.    C,(CH,),NO,NH{C,H,0)H. 

This  substance  can  be  again  nitrated,  when  there  must  result 

Oe(CH,),Nb,NH(C,H,0)Nb,. 

It  is  possible  to  eliminate  the  acetylamido-group,  NH(C,H,0),  from 
this  compound  by  saponification,  subsequent  diazotisation,  etc.  In 
this  way  a  dinitromesitylene  with  the  formula 

0,(CH,),Nb,HNb,- 
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is  obtained,  and  is  found  to  be  identical  with  the  former  dinitro-pro- 
duct,  the  nitro-groups  of  which  are  at  a  and  5.   From  this  it  follows  that 

H»  =  H«. 

Nitromesidine,  a :  &,  whose  aoetyl-compound  is  represented  by  for- 
mula III,  furnishes  a  further  proof  that  H»  =  H<». 

When  the  amido-group  is  eliminated  f  ix>m  this  by  means  of  the 
diazo-reaction,  there  is  formed 

IV.     Ce(CH,),NO,HH. 
This  is  reduced  and  converted  into  an  acetyl-oomponnd,  acetyl- 
mesidine, 

C,(0Hs),NH(C,H50)HH. 
This  compound  can  be  again  nitrated,  yielding 

0,(CH,\NH(0,H,O^NO,H, 
in  which  it  is  of  no  consequence  whether  the  nitro-group  is  in  the 
position  h  or  c,  since  the  equality  of  these  positions  relative  to  a  has 
been  already  proved. 

On  eliminating  the  acetylamido-group  from  the  substance  last  ob- 
tained, a  mononitromesitylene  is  produced,  identical  with  the  compound 
IV;  it  follows  that  a  =  b  =ic^  which  completes  the  proof  of  the 
equality  of  the  three  hydrogen  atoms. 

From  the  known  constitution  of  mesitylene  it  is  possible  to 
deduce  the  structure  of  many  other  compounds.     For  example, 

/COOH 
partial  oxidation  converts  it  into  mesüylenic  acid,  CJEI^t—CH^     , 

\CH3 
which  is  in  turn  converted  into  xylene  by  distillation  with  lime; 
this  compound  must  be  meta-xylene.  Oxidation  converts  this 
m-xylene  into  isophthalic  acid,  showing  that  the  carboxyl-groups 
in  the  latter  occupy  the  meto-position.  These  determinations  of 
position  have  been  fully  substantiated  by  the  application  of 
Korner's  principle.  Thus,  Nolting  has  prepared  three  isomeric 
nitroxylenes,  in  which  the  relative  positions  of  the  methyl-groups 
are  the  same  as  in  the  xylene  obtained  from  mesitylenic  acid. 

Among  other  meta-compoxxnds  in  which  'the  position  of  the 
groups  has  been  independently  established,  there  may  be  men- 
tioned  a  dibromobenzene  boiling  at  220°.  Korner  proved  that 
corresponding  to  this  substance  are  three  isomeric  tribromobenz- 
enes  and  three  nitrodibromobenzenes.  In  conclusion,  it  may  be 
mentioned  that  the  phenylenediamine  which  melts  at  62®  can  be 
obtained  from  three  different  diaminobenzoïc  acids  by  elimination 
of  (X)^  so  that  it  also  must  be  a  me/a-compound. 
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3.   Absolute  determination  of  position  for  jxzra-compounds. 

366.  Korner's  principle  has  been  of  great  service  in  determining 
the  constitution  of  some  members  of  the  paro-series.  For  example» 
from  the  xylene  boiling  at  138^,  and  melting  at  13*^,  it  was  only 
possible  to  obtain  one  nitroxylene;  the  phenylenediamine  melting 
at  140°  can  only  be  obtained  from  one  diaminobenzoïc  acid  by 
splitting  off  CO3;  etc. 

These  determinations  of  position  have  been  confirmed  in  an- 
other way.  Thus,  a  hydroxybenzoi'c  acid  melting  at  210°  has 
been  proved  to  have  the  paro-constitution.  It  is  obtained  from  a 
bromobenzoic  acid,  which  can  be  got  from  ordinary  bromotoluene, 
the  latter  being  convertible  into  a  xylene  from  which  terephthalic 
acid  can  be  obtained  by  oxidation.  p-Hydroxybenzoic  acid  affords, 
therefore,  a  valuable  basis  for  orientation. 

The  proof  can  be  stated  as  follows.  The  starting-point  is  bromo- 
benzoic acid,  obtained  directly  by  the  bromination  of  benzoic  acid. 
On  nitration,  two  isomeric  nitrobromobenzoïc  acids  are  formed, 
either  of  which  yields  on  reduction  the  same  aminobenzoïc  acid, 
anthranilic  acid;  this  can  be  converted  into  salicylic  acid  by  means 
of  the  diazo-reaction.  It  follows  that  in  both  the  isomers  the  nitro- 
group  must  be  situated  symmetrically  to  the  carboxyl-group :  at 
2  or  6,  or  at  3  or  5,  if  the  carboxyl-group  is  at  1 .  The  same  reason- 
ing establishes  the  position  of  the  hydroxyl-group  in  salicylic  acid. 
Concerning  the  position  of  the  bromine  atom,  it  is  evident  that  it 
cannot  be  at  4,  because  two  isomeric  nitro-compounds  which  would 
yield  the  same  aminobenzoïc   acid  on  reduction,  could  not  be 

obtained  from  Br<^  \COOH.  The  bromine  atom  must,  there- 
fore, occupy  the  me^o-position  or  or/Ao-position  to  the  carboxyl- 
group.  A  hydroxybenzoi'c  acid  melting  at  200°,  obtained  by  this 
means,  must  therefore  be  rmia  or  ortho.  Since  the  isomeric  salicylic 
acid  can  also  be  only  a  77ié»^a-compound  or  an  ori^o-compound, 
there  remains  no  possibility,  except  the  pam-structure,  for  the  third 
hydroxybenzoic  acid  melting  at  210°. 

Determination  of  position  for  the  Trisubstituted  and  higher- 
substituted  derivatives. 

356.  This  can  usually  be  effected  by  ascertaining  the  relation  in 
which  they  stand  to  the  diderivatives  of  known  constitution.     For 
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example,  since  a   certain   chloronitroaniline,  CeH3Cl(N02)(NH2), 

is  obtained  by  nitrating  m-chloroaniline)  <^     yCl,    and    yields 

p-chloronitrobenzene,   NO,^      ^1,  by  exchange  of  the  amido- 
group  for    hydrogen,  it  follows'  that    it  has    the  constitution 

N0,<^^^1. 

A  more  complicated  example  of  orientation  is  afforded  by  the  way 
in  which  the  positions  of  the  groups  in  picrfjc  acid  are  ascertained. 
Careful  nitration  converts  phenol  into  two  mononitrophenols. 


and 


M.P.  45' 

One  of  these  must  be  the  or^/^compound  and  the  other  the 
jxira-compound,  because  the  third  nitrophenol  can  be  obtained  from 
971-dinitrobenzene— the  constitution  of  which  has  been  proved  by 
its  reduction  to  wi-phenylenediamine  (854)— by  reduction  to  meta^ 
nitraniline,  and  subsequent  exchange  of  NHa  for  OH  by  diazotizing. 

When  further  nitrated,  both  nitrophenols  yield  the  same  dinitro- 
phenol,  which  can  therefore  only  have  the  formula 


The  mononitrophenol,  which  melts  at  114*",  is  converted  by  oxidation 
into  quinone,  and  must,  therefore,  be  the  jtxzro-compound.  For  the 
body  melting  at  45''  there  remains  only  the  or^TkKstructure.  On 
nitration  this  o-nitrophenol  yields,  in  addition  to  the  1  : 2  : 4-dini- 
trophenol  (OH  at  1),  another  dinitrophenol  with  its  groups  at  1 : 2  :  6, 
OH 

I       J^^* ;  for  on  conversion  of  this  into  its  methyl  ether,  and  heat- 
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ing  the  latter  with  alcoholic  ammonia,  the  group  OOHi  is  replaced  by 

NH, 

NH,;  and  this  substance,  which  has  the  formula  ^^'f  |^^*,  is  con- 
verted by  the  substitution  of  hydrogen  for  the  NHt-gronp  into  the 
ordinary,  or  metor,  dinitrobenzene.  Thus,  we  have  two  dinitrophenols 
of  known  structure, 

OH  OH 

TOa 

Further  nitration  converts  both  of  these  into  picric  acid,  which  must, 
therefore,  have  the  constitution 

OH 

no./\no, 

NO. 
From  the  known  constitution  of  picric  acid  may  be  inferred  the 
position  of  the  groups  in  ordinary  triuitrobenzene,  since  this  com- 
pound is  readily  oxidized  to  picric  acid  (818).    This  trinitrobenzeoe 
must,  accordingly,  have  the  symmetrical  structure. 

Influence  of  the  substituents  on  each  other. 
367.  This  influence  is  very  important,  and  manifests  itself  in 
various  ways.  It  affects  the  position  which  the  substituents 
take  up  in  relation  to  one  another,  when  introduced  simultaneously 
or  in  succession  into  the  benzene-nucleus.  Let  us  consider  first 
the  simplest  case,  the  introduction  of  a  second  atom  or  group  into  a 
monosubstituted  compound  C5H5X.  It  is  found  that  one  of  the 
three  possible  isomers  is  always  obtained  as  the  chief  product,  the 
second  isomer  being  produced  in  less  quantity,  while  the  yield  of  the 
third  isomer  is  very  small.  For  example,  when  benzoic  acid  is 
nitrated  at  0°,  80-2  per  cent,  of  meta-,  18-5  per  cent,  of  criho-j  and 
only  1-3  per  cent,  of  para-nitrobenzoïc  acid  are  formed.  On  nitra- 
tion at  30°,  nitrobenzene  yields  90-9  per  cent,  of  the  meto-,  8-1  per 
cent,  of  the  ortho-,  and  1  per  cent,  of  the  paro-compound.  It  has 
often  been  stated  that  the  introduction  of  a  second  group  results  in 
the  formation  of  only  one  or  two  isomers;  but  when  a  careful 
examination  has  been  made  as  to  the  presence  of  the  third  isomer, 
it  has  been  shown  to  be  present  in  minute  quantity;  so  that  it  is 
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probable  that  the  three  isomers  are  formed  in  all  cases,  although  in 
very  different  proportions. 

The  relative  proportions  of  the  different  isomers  formed  depend 
on  three  factors:  the  particular  substituting-group  already  in 
the  nucleus,  the  group  introduced,  and  the  temperature  at  which 
the  substitution  takes  place;  it  is  also  influenced  by  certain  other 
conditions.  The  following  table  shows  how  these  quantities  depend 
upon  the  two  first-mentioned  factors,  the  numbers  in  brackets  indi- 
cating the  by-products. 


Elemeot  or  Groop 
already  preMOt 
(in  Position  1). 


CI.... 
Br.... 
I  .... 
OH... 
SO,H. 
N0,..< 
NH.  . 
CH,  .. 
COOH 
CN.   . 


Position  entered  by  Subetltuents. 


CI 


4(2) 


4(2) 

3 

4 

4(2) 

8 


4(2) 
4(2) 

4(2) 
8 

4 

4(2) 
8 
4 


4 

4(2) 

4 
8 


80,H 


8(2)(4) 

4(3) 
8(4) 


NO. 


4(2) 

4(5) 

4(2) 

4(2) 

8(2X4) 

8(2X4) 

4(2) 

4(2) 

8(2)(4) 

8 


It  will  be  observed  that  there  is  a  sort  of  opposition  between 
the  formation  of  or^Ao-derivatives  and  para-derivatives  on  the  one 
hand,  and  of  meto-derivatives  on  the  other.  Either  the  two  first 
are  the  chief  products,  or  the  last  is  in  excess.  Concerning  influence 
of  temperature,  it  has  been  shown  by  some  recent  researches  on 
nitration  that  the  quantity  of  the  by-products  is  the  smaller,  the 
lower  the  temperature  at  which  the  nitration  has  been  carried  out. 

The  above-mentioned  opposition  between  or/Ao-derivatives  and 
para-derivatives  on  the  one  hand,  and  7W€to-derivatives  on  the 
other,  is  not  only  observed  in  their  preparation,  but  also  in  many 
of  their  properties.  It  may  be  said  that  the  weto-compounds  are 
generally  much  more  stable  than  the  or/Ao-derivatives  and  para- 
derivatives  in  their  behaviour  towards  reagents.  An  example  of 
this  was  given  in  318.  It  may  be  further  noted  here  that  o-  and  p- 
nitrobromobenzene,  CgH^BrNOj,  are  converted  by  ammonia  into 
the  corresponding  nitranilines,  C5H/NH2)N02,  whereas  Tw-bromo- 
nitrobenzene  does  not  react  with  ammonia. 
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OrtAo-groups  sometimes  exert  a  remarkable  influence  in  retarding 
or  partially  preventing  reactions  which  otherwise  take  place  readily. 
Among  others  which  have  been  observed,  the  following  are  examples. 

It  is  known  that  when  an  acid  is  dissolved  in  excess  of  absolute 
alcohol  it  can  be  almost  quantitatively  converted  into  an 
ester  by  passing  through  it  a  current  of  hydrochloric-acid  gas  (99). 
Victor  Meyer  and  his  pupils  found,  however,  that  esterifica- 
tion  of  acids  containing  two  groups  in  the  or/Ao-position  relative 
COOH 

to  carboxyl,  Xj^  ^X,  was  by  no  means  complete  when  carried  out 

in  this  manner.  On  the  other  hand,  when  the  acid  has  been  con-^ 
verted  into  an  ester  (by  means  of  the  silver  salt  and  an  alkyl  halide) 
the  ester  so  formed  can  only  be  saponified  with  great  difficulty. 
When  the  two  substituents  occupy  any  of  the  other  positions, 
these  peculiarities  do  not  manifest  themselves,  or  at  least  not 
to  the  same  extent.  Ketones  substituted  in  the  two  ór/Ao-posi- 
CH3 

tions,  <(^      \CO*R,  where  R  is  an  alkyl-radicle,  cannot  be  con- 

"CHs 
verted  into  oximes,  wherein  they  differ  from   all  other  ketones. 
CH3 

0-0-Dimethylaniline,  <^      yNHj,  is  not  converted  by  treatment  with 

CH3 
an  alkyl  iodide  into  a  quaternary  base;  pentamethylbenzonitrile, 
Ce(CH3)5CN,  cannot  be  saponified  to  the  corresponding  acid;  the 

/NOj  2 
methyl-hydrogen  in  0-0-dinitrotoluene,   CoHg^CHj  1,  cannot   be 

\N02  6 
replaced  by  halogens  even  at  a  high  temperature  (200®);  this  is  also 
true  of  1 :2:4-dinitrotoluene;  Auwers  and  Jamieson  Walker  were 
unable,  in  spite  of  numerous  attempts,  to  effect  the  hydrolysis  of 

OH 

o-nitrosalicylic    nitrile,    r^^\CN  ,    to    the    corresponding    acid^ 

OH 
/NCOOH. 


I^NO. 


;  etc. 
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Groups  occupying  positions  further  removed  sometimes  exert 
a  similar  effect.  One  of  the  NOj-groups  of  s)nimietrical  trinitro- 
benzene  is  easily  replaced  by  OCH3  through  the  action  of  sodium 

NO, 
methoxide,  but   for    trinitrotoluene,    ^0^^     yCHj,  this  is  not 

NO2 
foimd  possible:  the  methyl-group  prevents  exchange  of  the  nitro 
group  even  in  the  paro-position. 


TSRPSNES    AlTD  CAMPHORS. 

358.  All  the  terpenes  have  the  empirical  composition  QHg,  but 
most  of  those  which  have  been  examined  have  the  molecular  for- 
mula CioHi^.  The  true  terpenes,  CjoHig,  will  therefore  be  described 
here,  and  the  semi-terpertes,  CjHg,  as  well  as  the  poly-terpenes, 
(C6H8)x,  left  almost  out  of  account. 

Most  camphors  have  the  formula  CioHi^O,  but  some  varieties 
of  the  formulae  CioHjgO  and  CjoHjoO  are  known. 

Both  the  terpenes  and  camphors,  which  are  neariy  related  to 
one  another,  are  widely  distributed  throughout  the  vegetable 
kingdom;  the  species  of  Pinus  are  particularly  rich  in  terpenes, 
and  yield  oil  of  turpentine,  a  mixture  of  these  hydrocarbons,  when 
distilled  with  steam.  Common  or  Japan  camphor,  Ci^ifi,  is 
obtained  in  the  same  way  from  the  camphor  tree  (Laurus  cam- 
phara)  and  Borneo  camphor  or  bomeol,  CioHjgO,  from  Dryobalanops 
camphora.  Many  ethereal  oils  consist  chiefly  of  compounds  Ci^^Hj^ 
and  CioHieO. 

The  terpenes  are  chiefly  liquids — very  few  are  solids — which  boil 
at  temperatures  ranging  from  158°  to  190°.  They  have  a  charac- 
teristic odour,  are  tolerably  stable  towards  alkalis,  but  are  easily 
decomposed  on  treatment  with  acids,  or  on  being  heated  to  a  high 
temperature.     Some  of  them  are  optically  active. 

The  camphors  are  solid,  crystalline  substances,  and  are  very 
volatile  even  at  ordinary  temperatures.  They  can  be  sublimed, 
and  are  characterized  by  a  peculiar  odour.  Some  varieties  are 
optically  active.  The  convertibility  by  various  means  of  the  ter- 
penes  and  the  camphors  into  aromatic  bodies  betrays  their  relation 
to  the  latter.  Thus,  p-toluic  acid  and  terephthalic  acid,  along  with 
other  compounds,  are  obtained  on  oxidizing  terpenes  with  nitric 
acid.  In  particular  they  are  related  to  cymene;  this  aromatic  hydro- 
carbon can  be  obtained  from  the  terpenes  by  the  action  of  iodine, 

452 
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for  example,  and  from  camphor  by  means  of  dehydrating-agents, 
such  as  phosphorus  pentoxide: 

Cia  Hie  +  la  =  G^^^a  +  2HI;  CioHjeO  —  HjO  =  CioHj^. 

Térpene  Cymene  Camphor  Cjmeue 

Terpenes. 

869.  The  nifttural  ethereal  oils  CjoHig  have  different  physical  and 
chemical  properties,  according  to  the  particular  plant  from  which 
they  have  been  obtained.  In  default  of  methods  by  which  the 
isomers  could  be  sharply  distinguished  from  one  another,  it  was 
formerly  supposed  that  there  was  a  great  number  of  compoimds 
with  the  formula  CioHi^.  Wallach  succeeded  in  preparing  well- 
defined  crystalline  derivatives  of  the  compounds  CjoHje,  «ind  thus 
in  distinguishing  the  existing  isomers.  It  was  found  by  this  means 
that  the  natural  ethereal  oils  are  principally  mixtures  of  such 
isomers,  of  which  fifteen  have  been  identified.  They  are  classified 
into  two  main  groups. 

1.  Substances  with  the  formula  CioHje,  which  form  addition- 
products  with  only  one  molecule  of  HCl  or  with  two  Br-atoms. 

2.  Substances  with  the  formula  CioHje,  which  form  addition-pro- 
ducts with  two  molecules  of  HCl  or  with  four  Br-atoms. 

Some  particulars  regarding  the  individual  members  are  given 
below. 

Pinene  is  the  most  widely  distributed  of  all  the  terpenes;  it  is 
the  principal  constituent  of  German  and  American  oil  of  turpentine. 
The  first  contains  chiefly  a  lavo-rotatory,  and  the  second  a  dextro- 
rotatory, modification.  The  boiling-point  of  this  substance  is 
158^-161°,  and  its  specific  gravity  0-86-0-89.  With  nit  rosy  1 
chloride,  NOCl,  pinene  yields  an  addition-product,  CioHigNOCl, 
from  which  HCl  is  split  off  by  heating  with  alcoholic  potash, 
yielding  a  compound,  CioHjjNO,  nilrosopinene.  This  can  be 
reduced  to  a  base,  CjoHi^NH,,  pinylarnine,  whose  hydrochloride  on 
heating  readily  decomposes  into  ammonium  chloride  and  cymene, 
CioHm-  Pinene  unites  with  one  molecule  of  HCl  to  form  a  solid 
crystalline  mass,  CjoHjyCl,  melting  at  125^;  this  substance  is  called 
artificial  camphor,  and  strongly  resembles  natural  camphor  in  its 
external  appearance  and  odour. 

On  heating  artificial  camphor,  CjoHj^Cl,  with  anhydrous  sodium 
acetate  and  glacial  acetic  acid  (a  general  method  for  splitting  off 
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hydrochloric  acid  from  terpene  hydrochlorides),  there  is  formed 
camphene,  one  of  the  few  solid  compounds  having  the  composition 
CioHig.  It  is  crystalline,  melts  at  50°,  and  is  kno^n  both  in  the 
dextro-rotatory  and  laevo-rotatory  modifications;  it  has  an  odour 
like  turpentine  and  camphor,  and  is  not  a  natural  product.  Oxida- 
tion with  chromic  acid  converts  camphene  into  camphor.  It  is 
likewise  obtainable  in  the  reverse  way  from  camphor:  bomeol  is 
converted  into  camphene  by  the  splitting  off  of  water.  Camphene 
forms  an  addition-product  with  only  one  molecule  of  HCl,  the  com- 
pound C10H17CI  which  is  formed  being  isomeric  with  artificial 
camphor. 

860.  Among  the  substances  CjoHig  wjiich  add  on  two  molecules 
of  HCl  and  four  bromine  atoms,  limonene  and  dipentene  deserve 
special  mention.  Limonene  is  the  principal  constituent  of  the 
ethereal  oil  obtained  from  orange-rind,  and  is  also  present  in  nu- 
merous other  ethereal  oils,  such  as  oil  of  citron,  oil  of  bergamot,  etc. 
Dipentene  appears  to  exist  as  such  only  in  Oleum  dna,  but  is 
formed  by  heating  limonene  and  other  terpenes  to  250°  to  300°.  It 
is,  therefore,  present  in  ethereal  oils  in  whose  preparation  a  high 
temperature  has  been  employed,  as  is  the  case  with  Russian  and 
Swedish  turpentine. 

Limonene  is  strongly  dextro-rotatory,  and  its  tetrabromide  is 
also  optically  active.  On  the  other  hand,  dipentene  and  its  tetra- 
bromide are  optically  inactive,  and  the  addition-products  which 
limonene  and  dipentene  yield  with  the  hydrogen  hal  ides  are 
identical  and  inactive.  The  latter  yield  dipentene  by  the  splitting 
off  of  hydrogen  halidc,  so  that  limonene  can  in  this  way  be  converted 
into  dipentene. 

Wallach  discovered  in  pine  oil  a  hydrocarbon,  CjoHig,  which 
rotates  the  plane  of  polarization  to  the  left  to  the  same  extent  as 
limonene  to  the  right,  and  which  from  its  general  character  is  to  be 
looked  upon  as  the  optical  antithesis  of  limonene.  When  this 
Icevo-limoncne  is  mixed  with  the  dextro-modification,  dipentene  is 
formed,  from  which  it  follows  that  dipentene  is  to  be  regarded  as 
the  racemic  modification  of  the  limonenos. 

Pinene  can  be  converted  into  di  pentenc  as  follows.  By  the  action 
of  water  containing  nitric  acid,  it  takes  up  three  molecules  of  water, 
forming  terpin  hydrale,  CiqHjoOj  +  H2O.  On  heating,  this  loses  a 
molecule  of  water,  yielding  terpin,  CjoHjoOj,  which   by  the  usual 
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methods  can  be  shown  to  possess  two  hydroxyl-groups,  and,  there- 
fore, to  have  the  formula  CioHi8(OH)2.  By  shaking  up  terpin  with 
hydrogen  halides,  these  hydroxyl-groups  can  be  replaced  by  halo- 
gens. The  compound  CjoHigClj  thus  obtained  is  identical  with 
dipentene  dihydrochloride,  and,  as  mentioned  on  p.  454,  this  sub^ 
stance  can  be  converted  into  dipentene  by  elimination  of  2HC1.  It 
is  still  simpler  to  obtain  dipentene  from  terpin  by  treating  it  with 
reagents  which  split  off  water,  dipentene  being  readily  formed  by 
loss  of  2H2O.  It  is  also  possible  to  obtain  an  intermediate  product 
formed  by  the  elimination  of  one  molecule  of  water  from  terpin; 
the  compound  thus  obtained  has  the  formula  CioHjy-OH,  and  is 
called  ierpineoL 

Camphors. 

361.  Ordinary  camphor,  CioH^O,  has  the  character  of  a  ketone; 
it  reacts  with  hydroxylamine  after  the  manner  of  these  compounds, 
forming  an  oxime,  CioH^gNOH,  called  camphor  oxime.  This  is  con- 
verted by  elimination  of  one  molecule  of  water  into  a  cyanide, 
C,Hi5'CN,  from  which  an  acid  CjHjs-COOH,  called  campholenic 
add,  is  obtained  by  hydrolysis. 

The  ketonic  nature  of  camphor  is  further  illustrated  by  the 
action  of  phosphorus  pentachloride,  which  yields  a  dichloride;.and 
also  by  the  fact  that,  when  reduced,  it  takes  up  two  hydrogen  atoms, 
forming  borneol,  CioHjgO.  This  has  the  character  of  a  secondary 
alcohol,  since,  for  example,  it  forms  esters,  and  yields  bornyl  chloride, 
C10H17CI,  with  PCI3.  Borneol  can  be  reconverted  into  ordinary 
camphor  by  oxidation. 

Isomeric  with  borneol  is  cineoL  CjoH^gO.  This  is  widely  dis- 
tributed in  nature.  It  is  a  liquid,  and  is  artificially  prepared  by 
the  action  of  sulphuric  acid  on  pinene. 

Menthol,  CjoHjoO,  is  the  principal  constituent  of  oil  of  pepper- 
mint; it  'is  crystalline,  and  melts  at  42°.  It  is  readily  converted 
into  cymene  by  heating  with  copper  sulphate.  Its  character  is  that 
of  an  alcohol. 

Oxidation  of  ordinary  camphor  yields  chiefly  dibasic  camphoric 
add,  C10H10O4,  and  at  the  same  time  small  quantities  of  camphanic 
acid,  C10H14O4,  and  camphoronic  acid,  Cj,H,^Oq. 

Indian  oil  of  geranium  contains  a  compound,  CjoHjgO,  called 
geraniol,  which,  from  its  reactions,  is  apj)arently  an  alcohol,  and  from 
its  power  of  forming  addition-compounds,  contains  two  ethylene 
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linkings  in  its  molecule.  It  is  converted  by  oxidation  into  an  alde- 
hyde, CioHj^O,  geranial,  showing  that  it  must  be  a  primary  alcohol. 
Geranial  is  sometimes  also  called  citral,  owing  to  its  presence  in 
oil  of  citron.  On  heating  with  potassium  pyrosulphate,  citral 
easily  loses  water,  being  converted  into  cymene,  CioH^.  Geraniol 
also  loses  water  when  treated  with  potassium  pyrosulphate,  yielding 
a  terpene,  CjoHj^,  geramene,  boiling  between  172**  and  176**.  From 
its  additive  power,  this  compound  seems  to  contain  three  double 
linkings  in  the  molecule. 

Closely  related  to  geraniol  are  linalol  (from  oil  of  linaloes),  and 
rhodinol  (from  oil  of  roses).  They  have  also  the  formula  CjoHj^O, 
and  are  converted  into  citral  by  oxidation.  This  is  probably 
accompanied  by  an  alteration  in  the  positions  of  the  double  link- 
ings present  in  the  compound. 

The  Constitution  of  the  Terpenes  and  Camphors. 

362.  A  compound  CjoH^^  has  six  hydrogen  atoms  less  than  a  sat- 
urated fatty  hydrocarbon  of  ten  carbon  atoms,  Cx^n-  An  aro- 
matic hydrocarbon  with  saturated  side-chains  and  ten  carbon  atoms 
has  the  formula  CioHj^.  The  terpenes.  therefore,  occupy  a  position 
intermediate  between  the  aromatic  and  the  saturated  fatty  series. 
Their  properties  correspond  with  this  view:  on  the  one  hand,  they 
are  readily  converted  into  aromatic  compounds,  especially  cymene; 
on  the  other,  they  exhibit  many  of  the  properties  of  aliphatic  com- 
pounds. The  difference  of  six  hydrogen  atoms  between  them  and 
the  saturated  hydrocarbons  with  ten  carbon  atoms  might  be  caused 
by  the  presence  of  three  double  linkings,  which,  indeed,  seem  to 
be  present  in  geraniene.  Since,  however,  the  other  terpenes  do  not 
add  six  monovalent  atoms,  but  some  only  four,  and  others  only 
two  such  atoms,  they  must  contain  one  or  more  closed  chains 
of  C-atoms,  in  addition  to  double  linkings.  As  in  each  closed 
chain  there  are  two  atoms  of  hydrogen  less  in  the  molecule 
than  in  the  corriesponding  open  chain  (hexane,  C^H,^;  hexa- 
methylene,  C^Hu),  it  follows  that  in  the  terpenes  which  add 
4Br  and  2HC1,  there  must  be  one  closed  chain  and  two  double 
linkings;  and  in  the  terpenes  which  add  2Br  and  IHGl,  one 
double  linking  and  two  closed  chains.  The  problem  is  to  determine 
which  are  the  ring-systems  in  the  different  terpenes,  and  what  are 
the  positions  of  the  double  linkings  in  the  molecules.    These  two 
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questions  have  not  yet  been  satisfactorily  answered  for  all  terpenes. 
For  nearly  all,  two  or  more  constitutional  formulae  have  been  pro- 
posed, among  which  no  definite  selection  has  been  made  up  to 
the  present.  Owing  to  the  readiness  with  which  many  terpenes 
yield  cymene,  it  is  supposed  that  the  carbon-nucleus  of  this  com- 
pound, a  closed  hexagon,  is  present  in  them,  with  methyl  and 

isopropyl  in  the  para-position:   CHj — <^      y — CHCCH,),.      The 

positions  of  the  double  Unkings  in  this  nucleus  have  been  deter- 
mined for  terpenes  which  yield  tetra- addition- products;  for  some 
of  them  with  considerable  certainty.     For  example,  the  adjoining 
formula  is  almost  universally  assigned  to  limonene, 
one  of  the  double  linkings  being  in  the  side-chain.  C^' 

This  formula  explains  the  different  behaviour  of  J, 

the  two  double  linkings,  owing  to  their  being  situ-     wc^\cvi 
ated  within  and  without  the   ring  respectively;  I      1      * 

limonene  adds  on  only  one  molecule  of  HCl  by    ^tS^^/^^i 
treatment   with    dry   hydrochloric-acid   gas ;   the  I  ^" 

second  double  linking  is  only  broken  by  treatment         y  %. 
with   moist  hydrochloric-acid  gas.     It  further  ex-        GH,    CH^ 
plains  the  optical  activity,  since  the  carbon  atom      ^*SI2enSeiiê°*' 
which  is  marked  with  an  asterisk  (*)  is  asymmetric. 

Terpinolene  also  gives  tetra-addition-prcducts,  and  has,  there- 
fore, two  double  linkings.  One  of  these  is  situated  in  the  cymene- 
nucleus,  between  two  tertiary  C- atoms: 

CH  CH, 
CH.-C<3>C=C<CHs. 

CH,  CHj 

Terpinolene 

This  is  proved  by  the  fact  that  this  body  yields  a  crystalline,  blue 
addition-product  with  nitrosyl  chloride.  This  is  a  characteristic 
of  compounds  which  have  a  double  linking  between  tertiary  carbon 
atoms  >C=C<,  as  has  been  indicated  in  the  case  of  several  such 
substances. 

Compounds  with  the  formula  CjoHj^,/ which  can  only  take  up 
one  molecule  of  HCl  or  two  halogen  atoms,  must  have  two  closed 
rings.  A  hexagon  of  carbon  atoms  is  also  supposed  to  exist  in 
these.    In  the  case  of  pinene  the  second  ring  is  probably  four-sided: 
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Baeyer  assigns  to  this  compound 
the  adjoining  formula,  in  which  the 
isopropyl-group  of  cymene  is  linked 
by  its  tertiary  carbon  atom  with  the 
me/o-carbon  atom  of  the  hexagon. 
This  formula  attributes  two  six- 
sided  rings  and  one  four-sided  ring 
to  pinene.  In  camphene  the  ter- 
tiary carbon  atom  of  the  isopropyl- 
group  is  linked  to  the  benzene-ring 
at  the  jjara-position,  so  that  it  con- 
tains one  six-sided  ring  and  two 
five-sided  rings.  Analogous  consti- 
tutional formulae  are  assigned  to 
the  other  terpenes,  CioHje. 

363.  It  has  been  mentioned  that 
the  camphors  have  the  formula  C10H20O, 
C^oHigO,  CioHigO.  Menthol  is  an  ex- 
ample of  a  compound  with  the  first  of 
these  formulae.  It  is  an  alcohol,  and, 
according  to  its  formula,  contains  two 
hydrogen  atoms  less  than  a  saturated 
alcohol,  C10H22O.  Since  menthol  does 
not  form  addition-products,  it  must 
have  the  one  closed-ring  structure. 
The  readiness  of  its  conversion  into 
cymene  indicates  that  it  contains  a 
cymene-nucleus,  its  constitution  being  expressed  by  the  adjoining 
formula. 

A  compound  with  the  formula  CjoHigO  can  only 
have  an  open  chain,  if  it  has  double  or  treble 
linkings  in  its  molecule.  This  is  the  case  with 
geraniol,  CioHigO,  which  has  two  double  linkings. 
Borneol,  which  is  isomeric  with  it,  does  not  possess 
any  additive  power,  and  its  deficiency  in  hydrogen 
compared  to  a  saturated  compound  must  be 
caused  by  the  presence  of  two  closed  rings,  the 
same  being  then  true  of  ordinary  camphor,  CjoHjaO. 
The  oxidation  of  camphor  affords  a  closer  insight  into  its  consti- 
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tution.  Bredt  has  shown  that  the  first  product  obtained  by  its 
oxidation  is  camphoric  acid,  which  on  further  oxidation  yields 
camphanic  acid,  the  latter  yielding  camphoronic  add  on  still  further 
oxidation.  It  may,  therefore,  be  assumed  that  the  two  first-named 
acids,  as  well  as  camphor  itself,  have  the  same  carbon-nucleus  as 
camphoronic  add. 

The  constitution  of  the  tribasic  camphoronic  acid  follows  from 
the  result  of  its  decomposition  when  submitted  to  dry  distillation, 
a  treatment  which  splits  it  up  into  trimethylsuccinic  acid,  isobutyric 
acid,  and  carbon  dioxide.    This  is  accounted  for  by  the  formula 


B- 

A-- 


cS'>C--C(X)H 
CH,— C— COOH 


CH— COOH 

the  formation  of  the  first  acid  being  represented  by  the  decompo- 
sition A,  and  the  second  by  B. 

From  a  consideration  of  these  and  other  known  properties  of 
these  substances,  Bredt  assigns  to  them  the  following  constitutional 
formulae : 

-CH,  CHj CH COOH 


CH3- 


-CH- 

I 


CHa 


CH3— O-CH3 

i: 


CH, 

Camphor 


■CO 


CH 


-CH— 
,— C-CI 


CH,- 


CH, 


-COOH 


CH,- 


-COOH 


CH,- 


\ 
\ 

CH,-C-CH,| 

-CO 


Camphoric  acid 

COOH         COOH 


CH,- 


CH,— C— CH, 


-GOOH 


I 
CH, 

Camphanic  acid 


CH, 

Camphoronic  acid 


The  formation  of  cymene  from  camphor  is  indicated  in  the  for- 
mula of  the  latter  by  a  dotted  line,  showing  the  breaking  of  the  car- 
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bon  bond  in  such  a  manner  that  the  isopropyl-group  takes  up  the 
para-position  to  the  methyl-group. 

Recent  work  affords  confirmation  of  the  correctness  of  Bredt's 
formulae,  that  of  the  one  for  camphor  being  proved  as  follows. 
According  to  it,  there  are  two  asyinmetric  C-atoms  in  the  molecule, 
indicated  in  the  formula  by  bolder  type.  When,  however,  the 
CO-group  is  transformed  into  CHj,  the  asymmetry  of  both  atoms 
vanishes,  and  the  molecule  must  become  optically  inactive,  pro- 
vided Bredt's  formula  is  correct.    This  does,  in  fact,  take  place. 


BSVZENE-HVCLSI  BIBECTLT  LIVKEB  TOOETSEB,  OB 
IHDERECTLT   BT   CABBOH. 

364.  The  simplest  possible  compound  of  this  nature  is  one 
containing  two  benzene-nuclei  directly  linked  to  one  another.  In 
addition  to  this  there  are  compounds  in  which  the  benzene-nuclei 
are  indirectly  connected  by  a  carbon  atom,  or  by  a  chain  of 
carbon  atoms.  A  few  of  these  substances  will  be  described  in  this 
section. 

Biphenyl,C.H5.C.H,. 

Diphenyl  can  be  prepared  by  Fittig's  S5mthesis  (268)  from 
bromobenzene  and  sodium.  Another  method  for  the  preparation 
of  the  derivatives  of  diphenyl,  the  conversion  of  hydrazobenzene 
into  benzidine,  was  mentioned  in  291.  On  removing  the  amido- 
groups  from  benzidine  by  means  of  the  diazo-reaction,  diphenyl  is 
formed.  This  method  of  formation  also  affords  a  proof  of  the 
constitution  of  benzidine. 

The  preparation  of  diphenyl  is  usually  effected  by  passing  ben- 
zene-vapour through  a  red-hot  tube.  It  is  converted  by  oxida- 
tion into  benzoic  acid;  this,  together  with  its  synthesis  by  Fittig's 
method,  is  a  proof  of  its  constitution. 

Diphenyl  forms  large,  tabular,  colourless  crystals,  readily  soluble 
in  alcohol  and  ether.    It  melts  at  71°,  and  boils  at  254°. 

The  isomeric  substitution-products  of  diphenyl  are  much  more 
numerous  than  those  of  benzene;  a  monosubstitution-product  can 
exist  in  three  isomeric  forms,  the  substituent  being  in  the  oriho-, 
meta-,  and  para-positions  to  the  bond  between  the  benzene-nuclei; 
in  a  disubstitution-product,  both  substituents  may  be  linked  to 
the  same  benzene-nucleus,  or  to  different  benzene-nuclei,  etc. 

Benzidine  is  of  technical  importance,  because  many  of  the 
azo-dyes  are  derived  from  it. 

461 
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Diphenylmethane,  Cfi^CR^'CJS^. 
366.  Diphenylmethane  can  be  obtained  from  benzyl  chloride, 
C^Hg-CHjCl,  or  from  methylene  chloride,  CHjCl,,  by  the  action  of 
benzene  and  aluminium  chloride.  Its  homofogues  are  obtained  by 
the  action  of  benzene  and  concentrated  sulphuric  acid  upon  alde- 
hydes; thus,  acetaldehyde  yields  as-diphenylethane : 

XT  TT 

r       HICeHs  ^^^^ 

When  derivatives  of  benzene  are  substituted  for  benzene  itself, 
many  derivatives  of  diphenylmethane  can  be  obtained  by  the 
application  of  the  syntheses  just  mentioned. 

Diphenylmethane  is  crystalline;  it  melts  at  26^,  boils  at  262®, 
and  has  an  odour  resembling  that  of  orange-peel.  Oxidation  with 
chromic  acid  converts  it  into  benzophenone  (300). 

A  derivative  of  diphenylmethane,  in  which  the  benzene-nuclei  are 

still  directly  linked, is /fworcnc,   |        ^CH,.     It  is  formed  by  leading 

the  vapour  of  diphenylmethane  through  a  red-hot  tube.  It  crystallizes 
from  alcohol  in  fluorescent  leaflets,  from  which  it  derives  its  name.  It 
melts  at  113*,  and  boils  at  295".  It  yields  red  needles  with  picric  acid. 
The  constitution  of  fluorene  is  thus  established.  It  is  converted 
by  the  action  of  oxidizing-agents  into  diphenyleneketone,  which  has 

the  formula  |        ^CO,  this  being  proved  by  its  formation  when  the 

CeH,.CO(Ov 

calcium  salt  of  diphenic  acid,  \         I         yOa,  is  distilled.    Diphenic 

CeH..  ICOCK 
acid,  for  its  part,  is  obtained  from  m-hydrazobenzolc  acid  by  the  benz- 
idine-transformation  (291),  and  subsequent  elimination  of  the  amido- 
groups ; 

I I         ~l     i       * 

COOH        HOOC       HOOC    COOH 

It  follows  that  the  carbonyl  group  in  diphenyleneketone  is  linked  at 

the  or^/jo-position  in  both  the  benzene-nuclei ;  it  has,  therefore,  the 

structure 

\^     y — V        y,  and  fluorene  itself ' 

CO  CH, 
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This  receives  confirmation  from  the  fact  that  phthalic  acid  is  the  only 
product  obtained  by  its  oxidation. 


Triphenylmethane  and  its  Berivatives. 

366.  Triphenylmethane ,  CHCCgHg),,  is  formed  from  benzal  chlor- 
ide, CeHj-CHClj,  by  the  action  of  benzene  and  aluminium  chloride; 
from  benzaldehyde  and  benzene  in  presence  of  a  dehydrating-agent, 
such  as  zinc  chloride;  and  from  the  interaction  of  chloroform  and 
benzene  in  presence  of  aluminium  chloride.  It  crystallizes  in  beau- 
tiful, colourless  prisms  melting  at  93°;  its  boiling-point  is  359**. 

A  series  of  important  dyes,  the  rosanilines,  is  derived  from  this 
hydrocarbon.  Triphenylmethane  itself  is  not  employed  as  a  basis 
for  their  preparation,  simpler  substances  which  are  converted  into 
its  derivatives  being  used  instead.  The  formation  of  the  dye  takes 
place  in  three  stages;  that  of  malachite-green  furnishes  an  example. 

When  benzaldehyde  and  dimethylaniline  are  heated  with  zinc 
chloride,  tetram£thyldiaminotriphenylmethane  is  formed : 


CeH,.C:|q+jj 


<->N(CH3),_„p..p„     •     CeH,N(CH,), 
<=>N(CH3)2  ""  ^2^+^«^»-^<CeH,N(CH,V 


The  carbon  atom  of  the  aldehyde  group,  therefore,  furnishes  the 
"  methane  carbon  atom  "  of  triphenylmethane. 

This  substance  is  also  called  leucomalnchite-green.     It  is  con- 
verted by  oxidation  with  PbO,  in  hydrochloric-acid  solution,  into 

the  corresponding  carbmol,         nW  '  which  is  a  colour- 

less, crystalline  substance,  like  the  leuco-compound  from  which  it 
is  derived.  Being  an  amino-base,  it  is  capable  of  yielding  salts; 
thus,  it  dissolves  in  acids  with  the  formation  of  colourless  salts. 
When  such  a  solution  is  warmed,  water  is  split  off,  and  the  deep- 
green  dye  produced.  The  latter,  either  as  a  double  salt  with  zinc 
chloride,  or  as  an  oxalate,  is  known  as  malachUe-green,  This  split- 
ting-off  of  water  may  be  represented  in  several  ways;  it  is  usually 
supposed  to  take  place  thus: 
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C^,N(CHO,Ha 

_Ljf7C^N(CH.),.'H!Cl 

a 

According  to  this  mode  of  representation,  the  process  is  analogous 
to  the  formation  of  quinone  from  quinol,  in  which  the  colourless 
quinol  is  converted  into  the  deep-yellow  quinone. 

The  three  stages  necessary  to  the  formation  of  the  dye  may, 
therefore,  be  defined  as  follows. 

1.  Formation  of  a  leuco-base  (colourless),  a  derivative  of 

HC(C.H,NH,)3; 

2.  Formation  of  a  colour-base  (colourless),  a  derivative  of 

H0.C(CeH,NH,)3; 

3.  Formation  of  the  dye,  a  derivative  of 

p(CeH,NH,.Ha), 

Reduction  converts  the  dyes  back  again  into  their  leuco-bases, 
two  hydrogen  atoms  being  taken  up  during  the  reaction. 

Cryslal'vioiet  (hexamethyltriaminotriphenylmethane)  furnishes  an 
excellent  example  of  a  phenomenon  also  exhibited  by  other  ana- 
logous basic  substances.  When  an  equivalent  quantity  of  a  base  is 
added  to  a  salt  of  crystal-violet,  the  liquid  still  remains  coloured, 
has  a  strong  alkaline  reaction,  and  conducts  an  electric  current;  the 
solution  slowly  becomes  colourless  on  standing,  when  it  is  no  longer 
alkaline,  and  its  power  of  conducting  an  electric  current  has  ceased. 
The  liquid  now  contains  a  colour-base.  These  phenomena  are 
analogous  to  the  conversion  of  acids  into  pseudo-acids  (881).  For 
this  reason  the  colour-base  may  be  looked  upon  as  a  pseudo-haae. 
According  to  this  view,  on  addition  of  the  equivalent  quantity  of 
NaOH  to  crystal-violet,  the  true  base, 

(CH,),NC,H.  >  n  -X~X=n(PH.), 

is  at  first  present  in  the  solution;  this  true  base,  however,  after  stand- 
ing for  several  hours  at  25^,  changes  into  the  colour-base  (pseudo- 
base), 

(CH,),NCeH*  >p^C,H,.N(CHOr 

(CH,),NC.H,     ^^OH 
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Hantzsch  has  been  able  to  assign  the  character  of  a  pseudo-base 
to  certain  substances  other  than  those  mentioned  on  p.  464. 

PararosanUine  is  obtained  by  the  oxidation  of  a  mixture  of 
p-toluidine  (1  molecule)  and  aniline  (2  molecules)  by  means 
of  arsenic  acid  or  nitrobenzene.  The  methyl-group  of  toluidine 
is  thus  converted  into  the  "methane  carbon  atom",  of  triphenyl- 
methane: 

/C.H,.NH,  CeH,NH, 

CH/CeH».NH,  -h  30  -  HO-C.   CeH,NH,  -f  2H,0. 
CeHjNH,  \C,H,NH, 

This  colour-base  yields  a  red  dye  with  acids,  from  which  it  can 
be  precipitated  by  alkalis.  It  is  converted  by  reduction  with  zinc- 
dust  and  hydrochloric  acid  into  paraleucaniline,  HC(CeH|NH2)3,  a 
colourless,  crystalline  substance  which  melts  at  148°  and  is  recon- 
verted into  the  colour-base  by  oxidation.  The  constitution  of 
paraleucaniline  is  shown  by  its  yielding  triphenylmethane  when  its 
amido-groups  are  removed  by  the  diazo-reaction.  On  the  other 
hand,  paraleucaniline  can  be  obtained  by  the  nitration  of  triphenyl- 
methane, and  subsequent  reduction  of  the  trinitro-derivative  thus 
formed.  Paraleucaniline  is  converted  by  oxidation  into  triamino- 
triphenylcarbinol,  which,  like  malachite-green,  splits  off  water  un- 
der the  influence  of  acids,  forming  the  dye: 

C^CH.N  H,         -  H,0  =  C^C^H^NHj 

[  \CeH,NH2 .  HCl  \CeH, :  NH,  -  Q. 

Another  important  dye  related  to  triphenylmethane  is  rosaniline. 
Its  preparation  is  similarly  effected  by  oxidizing  a  mixture  of  aniline, 
o-toluidine,  and  7>-toluidinc  in  equimolecular  proportions  with 
arsenic  acid,  mercuric  nitrate,  or  nitrobenzene.  In  this  reaction  the 
methane  carbon  atom  is  obtained  from  p-toluidine  as  follows: 

CH 
NH,.C,H,CH,  +  C,H,(CH,)NH,  C,H,<  ^.jj» 

p-ToluWJne  o-rol«idlne         +30  =  H0Cc-C,H,NH,      +2HjO. 

+  C,H5-.NH,  x:;,H,NH, 

The  hydrochloride  of  the  rosaniline  base  containing  one  equiva- 
lent of  hydrochloric  acid  is  called  mayenla.    This  substance  forms 
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K  ... 

beautiful,  green  crystals  with  a  metallic  lustre,  which  dissolve  in 
water,  yielding  a  solution  of  an  intense  deep-red  colour. 

The  colour  of  the  magenta-solution  is  due  to  the  monovalent 
cation,  (C^HigNg),  because  such  solutions  are  almost  completely 
ionized,  as  is  shown  by  the  slight  increase  of  their  molecular  con- 
ductivity on  further  dilution.  Moreover,  the  solutions  of  all  the 
magenta  salts — chloride,  bromide,  sulphate,  etc. — exhibit  the  same 
absorption-spectrum  for  solutions  of  equimolecular  concentration, 
which  is  an  indication  of  the  presence  of  a  constituent  common  to 
all  of  them  (the  cation). 

The  salts  contaiaing  three  equivalents  of  acid  are  yellow,  the  red, 
monovalent  cation  having  been  converted  into  the  yellow,  trivalent 
one  ;  as  a  result  of  this,  magenta  dissolved  in  excess  of  hydrochloric 
acid,  yields  a  nearly  colourless  solution.  These  salts  are,  however, 
very  readily  hydrolyzed^  as  shown  by  the  reappearance  of  the  red 
colour  when  this  solution  in  hydrochloric  acid  is  poured  into  water. 

Many  derivatives  of  pararosaniline  and  rosaniline  are  known,  in 
which  the  hydrogen  atoms  of  the  amido-groups  have  been  replaced 
by  alkyl-radicles.  They  are  all  dyes.  The  violet  colour  becomes 
deeper  as  the  number  of  methyl-groups  present  increases  (323). 
Pentamethylpararosaniline  is  sold  under  the  name ''  methyl- violet." 
When  one  hyr Irogen  atom  in  each  of  the  amido-groups  of  rosaniline 
is  replaced  by  phenyl,  a  blue  dye  is  formed,  called  "  aniline-blue." 

The  alkyl-groups  were  formerly  introduced  into  pararosaniline 
in  the  ordinary  way,  by  means  of  an  alkyl  chloride  or  even  iodide 
These  methods  have  long  since  given  place  to  others,  better  suited 
to  the  preparation  of  the  alkyl-derivatives.  For  example,  methyl- 
violet  is  obtained  by  the  oxidation  of  dimethylaniline  with  potas- 
sium chlorate  and  cupric  chloride  ;  the  methane  carbon  atom  is  in 
this  case  obtained  from  one  of  the  methyl-groups. 

Aniline-blue,  or  triphenylrosaniline  hydrochloride,  is  obtained  by 
heating  rosaniline  with  analine  and  a  weak  acid,  such  as  benzoic  acid, 
where  by  the  amido-groups  in  the  rosaniline  are  replaced  by  anilido- 
groups,  the  ammonia  set  free  entering  into  combination  with  the 
acid.  This  process  is  exactly  analogous  to  the  formation  of  diphenyl- 
amine  from  aniline  hydrochloride  and  aniline  (284). 

367.  Dyes  formed  from  hydroxyl-<lerivatives  of  triphenyl- 
methane  are  also  known,  but  are  much  less  valuable  than  those 
just  described,  on  account  of  their  being  difficult  to  fix.    Rosolic 
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/  *    *    OH 
acid  f   n/n  Tj  r\\s      obtained  from  rosaniUne  by  means  of  the^ 

VeH,=0 
diazo-reaction,  is  an  example  of  such  dyes. 

Malachite-green  and  the  pararosaniline  and  rosaniline  dyes  colour 
wool  and  silk  directly,  and  calico  after  it  has  been  mordanted. 

It  was  stated  in  321  that  the  fixing  of  dyes  upon  vegetable  or 
animal  fibres  must  be  looked  upon  as  a  chemical  combination  of  the 
compounds  contained  in  the  fibre  with  the  dye,  analogous  to  the 
formation  of  salts.  The  following  is  a  proof  of  this.  The  colour-base 
of  rosaniline  is  colourless;  when,  however,  wool  or  silk  is  immersed 
in  its  colourless  solution,  it  becoipes  gradually  coloured,  as  though 
an  acid  had  been  added.  This  can  only  be  explained  by  supposing 
that  a  compound  in  the  fibre  unites  with  the  colourless  base,  forming 
with  it  a  salt  of  the  same  colour  as  a  solution  of  the  dye  in  water. 

The  phthaleins,  dyes  related  to  triphenylmethane,  have  been 
mentioned  already  (327). 

GoMBERü  has  shown  that  zinc  reacts  with  tnphenylchioro- 
methane,  yielding  a  compound  with  the  formula  (C8H5)3C.  This 
he  proved  by  analysis,  and  by  the  cryoscopic  determination  of 
its  moleciilar  weight.  This  compound  can  be  precipitated  in 
crystalline  form  from  a  benzene-solution  by  the  addition  of  acetone 
or  ethyl  formate. 

This  substance,  triphenylmethyly  is  very  remarkable,  for  it  is 
the  first  known  instance  of  a  compound  containing  a  trivalent 
carbon  atom.  It  possesses  notable  additive-power;  thus,  it  com- 
bines at  once  with  the  oxygen  of  the  air,  with  formation  of  a  per- 
oxide, (C6H5)3C-0 — O -0(06115)3;  it  instantly  decolourizes  iodine 
solution,  yielding  triphenylmethyl  iodide.  With  ether  it  yields  a 
crystalline  substance  of  the  composition  2(CeH5)jC-f  (03115)20. 

Dibenzyl  and  its  Derivatives. 

368.  Dibenzyl,  CeHg-OHjOHjCpHs,  can  be  obtained  by  the 
action  of  sodium  upon  benzyl  chloride: 

C,H5»CH,|0iTNa~+0l|0H,0eH5=C6H5'CHa  OH,C,H5  4-2Naa 

This  method  of  formation  shows  it  to  be  symmelrical  diphenyU 
ethane.    It  melts  at  52^. 
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Symmetrical  diphenylethylene,  C^,*CH:CH.C«H»,  M.P.  125'', 
is  usually  called  stilbene.  It  can  be  obtained  in  various  ways,  a 
typical  method  being  the  distillation  of  the  phenyl  ester  of  fumaric 
acidy  which  eliminates  two  molecules  of  CO,: 

CeHjo;cJ.CH:CH.|CÖjC,H,  =  2C0,  +  C.HjCHiCHCja,. 

Stilbene  forms  an  addition^product  with  bromine,  from  which 
tolanj  CcHsC^CCcH,,  is  obtained  by  splitting  off  2HBr.  Tolan 
can  be  reconverted  into  stUbene  by  careful  reduction. 

p-Diaminostübenef  NH, •  C,H4  •  CH :  CH  •  C^Hi •  NH„  can  be  obtained 
by  treatment  of  p-nitrobenzyl  chloride,  ClHjC-C^H^-NOj,  with  alco- 
holic potash,  and  subsequent  reduction  of  the  p^inürosiübene  thus 
formed.    It  is  used  as  a  basis  for  the  preparation  of  certain  dyes. 

Derivatives  of  dibenzyl  are  obtained  by  the  condensation  of 
benzaldehyde  in  presence  of  potassium  cyanide;  for  example, 
benzoin  is  thus  formed : 

CcH,c5;j;'gc.CeH5  =  C,H,.CO.CHOH.CeH,. 

Benzoin 

It  has  the  character  of  a  ketone  alcohol,  since  it  takes  up  two  hydro- 
gen atoms,  with  formation  of  a  dihydric  alcohol,  hydrobemoin, 
CgHg  •  CHOH  •  CHOH  •  CeH^ ;  on  oxidation  it  yields  a  diketone,  benzil, 
CeHsCOCOCgHg.  Benzoin  contains  the  group  — CHOH  CO— , 
which  is  present  in  the  sugars  (206).  It  also  possesses  proper- 
ties characteristic  of  the  sugars;  thus,  it  reduces  an  alkaline  copper 
solution,  and  yields  an  osazone. 

Benzil  is  a  yellow,  crystalline  substance.  As  a  diketone  it 
unites  with  two  molecules  of  hydroxylamine  to  form  a  dioxime. 

860.  Bemildiozime  exists  in  three  isomeric  forms,  the  number 
theoretically  possible  from  a  consideration  of  the  stereoisomerism  of 
nitrogen  derivatives  (801): 

CgH|*C C  C^Hg        CgHgC — C  C(H|       CgHg'C  C'C^Hg 

li      )i  II   li  il  II 

NOH  NOR      HON  NOR        NOH  HON 

^mp'itbenzildioxime  ^n/ibenzildioxlme  £l'ynbenzlldioxime 

One  of  these  oximes  very  readily  yields  an  anhydride,  and  is  there- 
fore assumed  to  have  the  tsvo  hydroxyl-groups  in  close  proximity, 
the  6- j/^ -formula.  One  of  the  other  dioximes  is  the  most  stable  of 
the  three  compounds,  and  can  be  obtained  by  various  means;  the 
third  dioxime  can  be  readilv  transformed  into  this  stable  modifica- 
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üon.  It  is  probable  that  the  stable  dioxime  has  the  symmetrical 
or  an^t-formula,  so  that  the  ompAi-formiila  must  be  that  of  the  um- 
stable  modification. 

When  heated  with  alcoholic  potash,  benzil  takes  up  one  mole-< 
€ule  of  water,  undergoing  an  intramolecular  transformation,  with 
production  of  bemüic  ctdd,  a  reaction  analogous  to  the  formation 
of  pinacolin  from  pinacone  (156) : 

GA-CO-CO-CA  +  H,0  -  cS^^^COOH- 

BdDiUlcftcid 


COHDEHSED  BEHZEHE-BIirOS. 

870.  Condensed-ring  compounds  contain  two  or  more  closed 
chains,  with  C-atoms  common  to  both.  Such  compounds  are  pres- 
ent in  the  higher-boiling  fractions  of  coal-tar  (267).  Next  to  the 
phenols,  naphthalene  is  the  principal  constituent  of  the  second 
fraction,  carbolic  oil,  and  of  the  third  fraction,  creosote  oil.  The 
anthracene  oil  contains  anthracene  and  phenanihrene,  in  addition 
to  other  hydrocarbons.  These  three  compoimds  and  some  of  their 
derivatives  will  be  described  here. 

I.  NAPHTHALENE,  CoHs. 

This  hydrocarbon  is  present  in  considerable  quantity  in  coal-t«r, 
from  which  it  is  readily  obtained  pure.  The  crude  crystals  of 
naphthalene  precipitate  on  cooling  from  the  fraction  passing  over 
between  170°  and  230°,  and  are  separated  from  liquid  impurities 
by  pressure,  which  are  further  eliminated  by  conversion  into  non- 
volatile sulphonic  acids  on  warming  the  crude  product  with  small 
quantities  of  concentrated  sulphuric  acid,  and  distilling  with  steam 
or  subliming,  when  pure  naphthalene  comes  over. 

It  crystallizes  in  shining  plates,  melting  at  80°,  and  boiling  at 
218°.  It  is  insoluble  in  water,  but  readily  soluble  in  hot  alcohol 
and  ether;  it  dissolves  to  a  very  small  extent  in  cold  alcohol.  It 
has  a  characteristic  odour,  and  is  very  volatile;  it  is  always  present 
in  coal-gas,  whose  illuminating  power  is  to  a  large  extent  due  to 
its  presence.  It  is  extensively  employed  in  the  manufacture  of 
dyes. 

The  formation  of  naphthalene  on  passing  the  vapours  of  many 
compounds  through  a  red-hot  tube,  a  process  somewhat  similar  to 
that  which  takes  place  in  the  retorts  of  the  gas-works  (287),  ex- 
plains its  occurrence  in  coal-tar. 

*47o 
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The  constitution  of  naphthalene  was  proved  in  .353  to.be . 

H     H 
H/\/\H 


H\/\/H 
H     H 

This  view  is  confirmed  by  the  two  following  syntheses, 

1.  o-Xylylene  bromide  is  converted  by  treatment  with  sodio- 
ethanetetracarboxylic  ester  into  hydronaphthaienetetracarhoxylic 
ester: 

XH,Br      NaC(CX)OC,H,),  /CH,— C(COOC^,), 

\CH,Br      NaC(COOCiH,)j  ^CH,— C(COOC»H,), 

o-Xylyleoe  bromide 

On  saponification,  this  compound  splits  off  two  molecules  of  carbon 
dioxide,  forming  hydronaphthalenedicarboxylic  add: 

XH,—CHCOOH 

^CH~CHCOOH 

whose  silver  salt  readily  loses  two  molecules  of  carbon  dioxide  and 
two  atoms  of  hydrogen,  yielding  naphthalene, 

2.  On  heating,  phenylisocrotonic  acid  is  converted  into  a-napTi- 
(hoi,  a  hydroxyl-derivative  of  naphthalene: 

H     CH 

H  OC^  ^^    )<TT 

HÓ  ^^ 

Phenylisocrotonic  acid  a.Naphthol 

Naphthalene  behaves  in  all  respects  as  an  aromatic  hydrocarbon : 
with  nitric  acid  it  yields  a  nitro-derivative,  with  sulphuric  acid  a 
sulphonic  acid;  its  hydroxyl-derivatives  have  the  phenolic  character; 
the  amino-compounds  undergo  the  diazo-reaction;  etc.  The  great 
resemblance  in  properties  between  benzene  and  naphthalene  indi- 
cates similarity  of  structure,  and  to  the  latter  is  assigned  the 
formula 


m^ 
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Partial  hydration  converts  the  centric  bonds  in  naphthalene, 
like  those  in  benzene,  into  double  bonds,  since  naphthalene  dihydride, 
CioHio,  readily  forms  an  addition-product  with  bromine,  like  other 
substances  containing  a  double  bond. 

371.  Naphthélene  yields  a  much  greater  nimfiber  of  substitution- 
products  than  benzene,  the  number  obtained  corresponding  to 
those  theoretically  possible  for  a  compoimd  with  the  above  for- 
mula; this  fact  supports  the  constitution  indicated. 

A  compoimd  of  the  formula 


must  3deld  two  isomeric  monosubstitution-products.  Substitution 
«an  take  place  at  a  carbon  atom  directly  linked  to  one  of  the  two 
C-atoms  common  to  both  rings  (1,  4,  5,  or  8),  or  at  one  of  the  others 
(2,  3,  6,  or  7),  which  are  also  similar  to  one  another.  Two  series 
of  monosubstitution-products  are  in  fact  known;  those  in  which 
the  hydrogen  at  1,  4,  5,  or  8  has  been  replaced  are  called  «'-deriva- 
tives; when  hydrogen  is  substituted  at  2,  3,  6,  or  7,  the  products 
«re  termed  ^-derivatives. 

A  great  number  of  disubstitution-products  is  possible;  for  two 
similar  substituents  it  is  10,  and  for  two  dissimilar  substituents  14 : 
many  of  these  have  been  obtained.  The  ten  isomers  are  denoted 
by  the  numbers 

1:2,1:3,1:4,1:5,1:6,1:7,1:8,  2:3,2:6,2:7. 

In  any  other  arrangement  the  grouping  is  identical  with  one  of 
these;  thus,  2:5  =  1:6,  and  3:6  =  2:7,  etc.  For  three  similar 
substituents  the  number  of  possible  isomers  is  much  greater,  and 
still  greater  for  three  dissimilar  ones.  The  disubstitution-products 
with  the  substituents  in  the  same  ring  are  called  ortho,  meta,  and 
para;  when  they  are  in  diflferent  rings,  the  compounds  are  usually 
distinguished  by  numbers,  or  sometimes  by  letters :  thus,  a 
compound  4:5  is  also  indicated  by  ort/^  and  one  3:6  by  ^^.  The 
positions  1:8  and  4:5  are  also  called  the  peri-positions;  in  cer- 
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tain  respects  these  resemble  the  crtho-poeiüoDB.    For  example» 
peri-naphihalenedicarboxylic  add, 


H 

resembles  o-phthalic  acid  in  being  able  to  form  an  anhydride. 

872.  On  accoimt  of  the  great  number  of  isomers,  the  orientation 
of  naphthalene  derivatives  is  sometimes  very  difficult,  and  the 
positions  occupied  by  the  substituents  in  many  of  those  which  are 
known  are  still  uncertain.  The  same  method  of  orientation  is 
employed  as  for  the  benzene  derivatives,  the  conversion  of  com- 
pounds whose  side-chains  occupy  unknown  positions  into  others 
with  substituents  whose  positions  have  been  determined. 

Oxidation  is  another  important  aid  in  their  orientation,  and  is 
employed  to  determine  whether  the  substituents  are  attached  to 
the  same  or  to  different  rings,  as  well  as  their  position  relative  to 
one  another.  Thus,  suppose  the  position  of  the  nitro-groups  in  a 
dinitronaphthalene  has  to  be  determined.  If  it  yields  phthalic 
acid  on  oxidation,  the  two  nitro-groups  must  be  in  union  with  the 
same  ring,  that  one  which  has  been  removed  by  oxidation.  If  a 
dinitrophthalic  acid  is  formed,  this  also  proves  that  the  two  nitro- 
groups  are  linked  to  the  same  ring,  and  the  orientation  of  these 
groups  in  this  acid  should  indicate  their  relative  position  in  the 
naphthalene  derivative.  Lastly,  if  oxidation  yields  a  mononitro-^ 
phthalic  acid,  one  nitro-group  is  attached  to  each  ring,  and  orienta- 
tion of  the  mononitrophthalic  acid  obtained  will  determine  the 
position  of  one  of  the  nitro-groups. 

Snbstitntion-prodnctt. 

373.  The  homologues  of  naphthalene — ^methyl-derivatives, 
ethyl-derivatives,  etc. — are  unimportant;  they  can  be  prepared 
by  Fittig's  method,  or  that  of  Friedel  and  Crafts  (268, 1  and  2). 

cc-Methylnaphthalene  is  a  liquid,  and  boils  at  240°- 242°;  /^methyl- 
naphthalene  is  a  solid,  and  melts  at  32°;  both  are  present  in  coal-tar. 
On  oxidation,  they  yield  t^t-naphtholc  and  fi-naphiho^c  acid  respect- 
ively, which  resemble  benzoic  acid  in  their  properties,  and  are  con- 
verted into  naphthalene  by  distillation  with  lime. 

aJChloronaphihalene  and  a-hromonaphihalene  are  respectively 
formed  by  the  action  of  chlorine  and  bromine  upon  boiling  naph- 
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thalene.  Although  their  halogen  atom  is  not  so  firmly  linked  as 
that  in  monochlorobenzene  or  monobromoberizene  (266);  they 
are  not  decomposed  on  boiling  with  alkalis.  This  also  holds  good 
for  the  corresponding  ^-compounds,  which  are  not  obtained  by  the 
direct  action  of  halogens  upon  naphthalene,  but  can  be  prepared 
from  other  /ï-compounds,  such  as  aminorderivatives,  sulpho-deriva- 
tives,  etc.,  by  the  methods  described  under  benzene  (308,  4). 

874.  The  product  obtained  by  the  action  of  concentrated  nitric 
acid  upon  naphthalene  is  very  important,  for  the  orientation  of  the 
naphthalene  derivatives:  it  is  a-nitronaphthalenef  M.P.  61°,  which 
is  proved  to  belong  to  the  a-series  by  its  conversion  into  the  same 
naphthol  as  is  obtained  from  phenylisocrotonic  acid  (870). 

The  position  of  the  substituents  in  a  great  number  of  mono- 
substitution-products  can  be  determined  from  a  knowledge  of  that 
of  the  nitro-group  in  this  nitronaphthalene,  for  the  nitro-group 
can  be  reduced  to  an  amido-group,  which  is  replaceable  by  numerous 
atoms  or  groups  by  means  of  the  diazo-reaction.  If  a  monosub- 
stituted  naphthalene  is  known  to  be  an  a-compound,  its  isomer 
must  belong  to  the  /9-series. 

876.  On  heating  naphthalene  with  concentrated  sulphuric  acid 
at  a  temperature  not  exceeding  80°,  the  two  isomeric  naphthalene- 
monosidphonic  acids  are  formed;  at  160°  only  the  /?-acid  is  obtained 
owing  to  the  conversion  of  the  «-compound  into  its  ^-isomer.    Both 
are  crystalline,  and  very  hygroscopic. 

On  fusion  with  caustic  potash,  the  naphthalenesulphonic  acids 
are  converted  into  naphthols,  CjoHyOH,  with  properties  very  similar 
to  those  of  phenol.  They  are  present  in  coal-tar.  a-Naphihol 
melts  at  95°,  and  boils  at  282°;  ^-naphthol  melts  at  122°,  and  boils 
at  288°.  The  hydroxyl-group  in  these  compounds  can  be  replaced 
much  more  readily  than  that  in  phenol.  They  dissolve  in  alkalis. 
With  ferric  chloride  or-naphthol  yields  a  flocculent,  violet  precipi- 
tate; /3-naphthol  gives  a  green  colouration,  and  a  precipitate  of 
^-dinaphthol,  HO  •  C,oHg  •  C,oH<,  •  OH.  The  violet  precipitate  obtained 
with  ar-naphthol  is  possibly  an  iron  derivative  of  ot-dinaphihol, 

876.  a-Naphthylamine,  and  ji-naphthylamine,  Cj^^y-NHj.  can 
be  obtained  by  the  reduction  of  the  corresponding  nitro-derivatives, 
but  are  usually  prepared  by  heating  a-naphthol  and  ^-naphthol 
respectively  with  the  ammonia  compound  of  zinc  chloride  or  of 
•alcium  chloride.     ar-Naphthylamine  is  a  solid,  melting  at  50°,  and 
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has  a  faecal  odour;  /J-naphthylamine  melts  at  112®,  and  is  nearly 
odourless.  A  mode  of  distinguishing  between  the  isomers  is  afforded 
by  the  fact  that  the  salts  of  the  «-compound  give  a  blue  precipitate 
with  ferric  chloride  and  other  qxidizing-agents,  while  those  of  the 
^-isomer  do  not. 

These  bases  are  of  technical  importance,  since  the  dyes  of  the 
congo-group  and  the  bemopurpurins  are  derived  from  them,  land  pos- 
sess the  important  property  of  dyeing  unmordanted  cotton. 

Congo-red  is  formed  by  diazotizing  benzidine,  and  treating  the 
product  with  a  sulphonic  acid  of  naphthylamine;  the  dye  is  the  so- 
dium salt  of  the  acid  thus  formed: 


Bensidlne  Benzidinediazonium  chloride      NapbthylaniiDesuJ 

phonic  acid 

Congo-red 

The  acid  itself  is  blue. 

The  benzopurpurins  differ  from  congo-red  only  in  having  a 
methyl-group  attached  to  each  benzene-nucleus  of  the  benzidine- 
group. 

377.  Some  polysubstituted  naphthalene  derivatives  may  be 
mentioned. 

Dinitro-a-naphthol  is  obtained  by  the  action  of  nitric  acid  upon 
the  monosulphonic  or  disulphonic  acid  of  o'-naphthol.  Its  sodium 
salt  is  Martins^  yellow;  it  dyes  wool  and  silk  directly  a  golden- 
yellow.  Nitration  of  a-naphtholtrisuiphonic  acid  yields  dinitro- 
naphtholsulphonic  acid,  whose  potassium  salt  is  naphthol-yellow; 
it  resists  the  action  of  light  better  than  Martins*  yellow. 

Naphthionic  acid  is  one  of  the  longest  known  naphthalene  derivar 
tives:  it  is  1 :  ^naphthylaminesulphonic  acid, 


SOsH 


NH, 

and  results  from  the  interaction  of  a-naphthylamine  and  sulphuric 
^d.    It  is  crystalliiue,  and  only  slightly  soluble  in  water:  it  is 
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manufactured  for  the  preparation  of  congo-red  and  other  dyes. 
Solutions  of  its  salts  display  an  intense  reddish-blue  fluorescence. 

a-Naphthaquinone,  CioH«Oa,  is  formed  by  the  oxidation  of  many 
ar-derivatives,  and  of  some  diderivatives,  of  naphthalene.  It  is 
usually  prepared  from  naphthalene  itself  by  oxidation  with  a  boiling^ 
solution  of  chromic  acid  in  glacial  acetic  acid,  a  method  of  formation 
which  has  no  parallel  among  those  for  the  preparation  of  the  cpr- 
responding  benzene  derivatives.  It  crystallizes  from  alcohol  in 
deep-yellow  needles,  melting  at  125®.  It  resembles  benzoquinone 
not  only  in  colour  but  in  its  other  properties;  thus,  it  has  a  char- 
acteristic, pungent  odour,  and  is  very  volatile,  subliming  readily 
at  lOQP;  it  is  easily  reduced  to  a  dihydroxynaphthalene  by  sulphur- 
ous acid.    For  these  reasons  the  structural  formula 


O 


H 

9 

H 


O 


is  assigned  to  it,  analogous  to  that  of  benzoquinone.  In  support 
of  this  view  is  the  fact  that  on  oxidation  it  yields  phthalic  acid, 
proving  both  oxygen  atoms  to  be  attached  to  the  same  ring;  more- 
over, hydroxylamine  converts  it  into  an  oxime.  Knowing  the 
constitution  of  a-naphthaquinone  to  bé  1:4,  it  is  possible  to  deter- 
mine that  of  other  diderivatives.  If,  on  oxidation,  they  yield  this 
quinone  by  elimination  of  the  substituents,  the  latter  must  occupy 
the  jxiro-position. 

^'NapfUhaquinoney  CioHgOj,  is  formed  by  the  oxidation  of  amino- 
naphthol  (1 : 2"^  which  proves  its  structure  to  be 


0 
Ö 

Its  properties  are  very  different  from  those  of  the  ar-quinone.  It 
crystallizes  in  red  needles,  and  decomposes  without  melting  at  115®, 
being  therefore  non-volatile;  it  is  also  odourless.  Sulphurous  acid 
reduces  it  to  1 : 2-dihydroxynaphthalene. 
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Addition-products. 

878.  Naphthalene  and  its  derivatives  yield  addition-products 
somewhat  more  readily  than  the  benzene  derivatives.  The  best 
known  are  those  formed  by  the  addition  of  four  monovalent  atoms, 
such  as  hydrogen  or  chlorine.  It  has  been  proved  by  the  oxidation- 
method,  and  in  other  ways,  that  the  four  atoms  are  always  added 
to  the  same  ring. 

On  passing  chlorine  over  naphthalene  at  ordinary  temperatiu'es, 
there  results  napkthalenetetrachloride, 

H     HCl 

H     HCl 

a  well-crystallized,  colourless  substance,  melting  at  182®.  On 
oxidation  it  yields  phthalic  acid,  and  is  converted  by  alcoholic 
potash  into  dichloronaphthalene,  CjoHeClj. 

On  reduction  with  sodium  and  boiling  amyl  alcohol,  ^-naphthyl- 
amine  yields  a  ietrahydrchderivative,  CjoHuNHj,  a  compound  with 
most  of  the  properties  characteristic  of  the  aliphatic  amines:  it  is 
strongly  alkaline,  absorbs  carbon  dioxide  from  the  air,  has  an 
ammoniacal  odour,  and  cannot  be  diazotized.  All  four  hydrogen 
atoms  are  in  union  with  the  same  ring  as  the  amido-group,    • 

H     H, 


H     H, 

since,  on  oxidation  with  potassium  permanganate,  this  substance 
is  converted  into  o-hydrocinnamiccarboxylic  acid, 


p  XT  ^  CHj  •  CHj  •  COOH 

'^e«4<C00H 


which  must  evidently  result  from  a  tetrahydro-derivative  with  the 
above  structure  if  the  oxidation  takes  place  at  the  C-atom  linked 
to  the  NHj-group.  Moreover,  the  hydrogen  addition-product  does 
not  take  up  bromine,  another  proof  that  the  four  H-atoms  are 
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attached  to  the  same  benzene-nucleus.  The  entrance  of  two  hydro- 
gen atoms  into  each  ring  must  produce  a  compound  with  double 
bonds,  which  would  yield  an  addition-product  with  bromine. 

The  complete  resemblance  between  ^-tetrahydronaphthylamine 
and  the  aliphatic  amines  is  another  confirmation  of  the  view  that 
the  ring-structure  does  not  in  itself  occasion  any  marked  peculiarity 
in  the  chemical  properties  of  a  compoimd  (262).  This  compound 
may  be  looked  upon  as  benzene  with  a  saturated  side-chain, 
— CHjCHjCHCNHj)  CHj— ,  luiked  to  two  or<Ao-C-atoms. 

a-Naphthylamine  can  also  be  reduced  by  amyl  alcohol  and 
sodium,  but  the  tetrahydro-derivative  formed  is  quite  difFerent 
from  that  obtained  from  /?-naphthylamine,  for  it  possesses  all  the 
properties  characteristic  of  the  aromatic  amines:  it  can  be  diazo- 
tized,  and  has  not  an  ammoniacal  odour.  Since  it,  too,  does  not 
form  an  addition-product  with  bromine,  its  constitution  is 

H-   \    H 


H,  ^  NH, 

This  proves  that  the  four  hydrogen  atoms  in  it  also  are  in  imion 

with  the  same  nucleus,  but  not  the  one  linked  to  the  amido-group. 

In  support  of  this  are  its  completely  aromatic  character,  and  the 

fact  that,  on  oxidation  with  potassium  permanganate,  the  ring 

containing  the  amido-group  is  removed,  with  formation  of  adipic 

acid  (164), 

CH, 

/\ 
CH,  COOH 

CH,  COOh' 

CH, 

Tetrahydra-a^napfUhylamine  must,  therefore,  be  looked  upon  as 
aniline  containing  a  saturated  side-chain, — CHj'CHj-CHj'CH, — , 
linked  to  two  or/Ao-C-atoms. 

n.  AVTHRACSmS,  ChHio. 
370.  Anthracene  is  present  only  in  small  proportions  in  coal- 
tar,  the  percentage  varying  between  0-25  and  0*45  per  cent.; 
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notwithstanding  this,  it  is  the  basis  of  the  manufacture  of  an 
important  dye,  alizarin  (382  and  388). 

By  fractionation  of  anthracene  oil  (267),  the  so-called  "50  per 
<5ent.  anthracene"  is  obtained;  this  is  mixed  with  one-third  of  its 
weight  of  potassium  carbonate,  and  distilled  from  an  iron  retort. 

This  removes  certain  impurities,  among  them  carbazole,  •  •   *  >  NH, 

which  is  present  in  considerable  proportion  in  the  crude  anthracene, 
and  is  thus  converted  into  a  non-volatile  potassium  derivative, 
(CeH^)2N-'K.  The  distillate  consists  almost  wholly  of  anthracene 
and  phenanthrene,  which  are  separated  by  means  of  carbon 
disulphide,  in  which  only  phenanthrene  is  soluble.  On  crystalliza- 
tion from  benzene,  the  anthracene  is  obtained  pure. 

It  crystallizes  in  colourless,  glistening  leaflets,  with  a  fine  blue 
fluorescence;  it  melts  at  213°,  and  boils  at  35P;  it  dissolves  readily 
in  boiling  benzene,  but  with  difficulty  in  alcohol  and  ether.  With 
picric  acid  it  yields  a  compound  Ci4Hio'CeHj(N02)sOH,  which  melts 
at  138°. 

Various  modes  of  preparing  anthracene  are  known  which  give 
an  insight  into  its  constitution.  One  of  these  is  its  synthesis 
by  Ansch'utz's  method  from  benzene,  aluminium  chloride,  and 
tetrabromoethane : 


BrCHBr 
C^e  +        I  +  CeHe  =  CeH,<  |      >CeH,  +  4HBr. 

BrCHBr 


■4!>-^ 


This  proves  that  anthracene  contains  two  benzene-nuclei  united  by 
the  group  CjHj,  a  view  further  supported  by  its  formation  on  heat- 
ing o-tolylphenylketone  with  zinc-dust: 

From  this  it  follows  that  the  CjHj-group  is  linked  to  ortAo-0-atoms 
in  at  least  one  benzene-nucleus;  the  formula  of  anthracene  may, 
therefore,  be  written 
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The  central  group  CjHj  is  also  linked  to  orf  Ao-C-atoms  in  the  second 
benzene-nucleus.  This  is  proved,  for  example,  by  the  synthesis 
of  anthracene  from  o-bromobenzyl  bromide  and  sodium,  in  which 
a  dihydro-derivative  is  first  formed,  and  is  readily  converted  into 
anthracene  by  oxidation : 


Br__Na^_Br|Hji 


lalBr  Na,   Br| 

o-Bromobensyl  bromide 

CH, 

-2H- 


=  4NaBr  + 


CH 


CH, 

Dihydroanthracene 


CH 

Anthracene 


This  constitution  indicates  that  anthracene  should  3neld  a  very 
large  number  of  isomeric  substitution-products,  that  of  the  mono- 
substitution-products  being  three.  Numbering  the  carbon  atoms 
thus, 


then  1  =  4  =  5  =  8,  2  =  3  =  6  =  7,  and  9  =  10.  Fifteen  disub- 
stitution-products  with  similar  groups  are  possible.  A  very  consid- 
erable number  of  anthracene  derivatives  is  known,  although  it  is 
small  in  comparison  with  the  enormous  number  theoretically 
possible. 

The  orientation  of  the  anthracene  derivatives  is  effected  simi- 
larly to  those  of  naphthalene  (372),  oxidation  and  a  study  of  the 
resulting  products  being  an  important  aid. 

Snbstitution-prodncts. 

380.  Anthraquinone,  Ci4Hj,02,  is  one  of  the  most  important 
derivatives  of  anthracene,  from  which  it  is  obtained  by  oxidation 
with  such  agents  as  nitric  and  chromic  acids.  Anthracene  is  so 
readily  converted  into  anthraquinone  by  nitric  acid  that  it  is  not 
possible  to  nitrate  it. 
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Anthraquinone  is  proved  to  have  the  structure 


since  it  is  formed  by  the  interaction  of  phthalic  anhydride  and 
benzene  in  presence  of  a  dehydrating-agent  such  as  aluminium 
chloride: 

CeH,<gg>|0-fH3|CeH,  =  CeH4<gg>C,H4+H,0. 

Pbthalic  anhydride 

This  reaction  takes  place  in  two  stages:  o-benzoylbenzoic  acid, 

CO'C  H 
CeH4<QQQT?   *,  is  first  formed,  and  loses  one  molecule  of  water, 

forming  anthraquinone : 

CO 
CeH,<^CeH,  -  H,0  =  CeH,<^>C,H,. 

t81.  The  central  group  in  anthraquinone  can  be  proved  to  be  in 
union  with  two  o-C-atoms  in  each  benzene-nucleus — another  proof 
that  the  same  is  true  of  anthracene.  The  same  method  is  em- 
ployed as  in  the  proof  of  the  constitution  of  naphthalene  (858) :  one 
of  the  benzene-nuclei  is  distinguished  by  the  introduction  of  a  sub- 
stituent,  so  as  to  identify  the  one  broken  by  the  oxidation. 

On  treatnient  with  benzene  and  aluminium  chloride,  bromo- 
phthalic  anhydride  reacts  like  phthalic  anhydride,  yielding  hromo' 
anthraquinone  by  elimination  of  water: 

BrC,H,<^>0  -*  BrC,H,<^"\c.H,  ->  BrC,H.<^>C,H«, 

Bromoan  tb  raquinone 

Since  this  compound  is  derived  from  phthalic  acid,  the  two  CO- 
groups  must  be  substituted  in  the  orMo-position  in  nucleus  I.  Its 
Br-atom  can  be  replaced  by  a  hydroxyl-group,  by  heating  with 
potassium  carbonate  at  160°,  and  the  hydroxyanthraquinone  thus 
formed  oxidized  by  nitric  acid  to  phthalic  acid,  the  formation  of 
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which  proves  nucleus  II  to  have  been  unacted  upon,  and  to  be  also 
substituted  in  the  ort^position: 

in  n 

HOC|H|  <  \r\r\  >  CjH*        HOCO  ^  ^•^** 

PhthaUc  acid 

The  constitutional  formula  of  anthraquinone  indicates  that  onljr 
two  isomeric  monosubstitution-products  are  possible.  This  has 
been  verified  by  experiment — a  further  proof  that  the  formula  is 
correct. 

382.  Anthraquinone  crystallizes  from  glacial  acetic  acid  in  light- 
yellow  needles,  melting  at  277°.  At  higher  temperatures  it  sub- 
limes very  readily,  forming  long,  sulphur-yellow  prisms.  It  is  very 
stable,  and  is  not  easily  attacked  by  oxidizing-agents,  or  by  con- 
centrated nitric  or  sulphuric  acid. 

The  name  anthraguinon^  is  in  some  measure  incorrect,  for  this 
substance  lacks  some  of  the  properties  characteristic  of  quinones, 
such  as  ready  reduction,  great  volatility,  pungent  odour,  etc.,  and 
has  much  more  the  character  of  a  diketone.  With  fused  caustia 
potash  it  yields  benzoic  acid,  and  with  hydroxylamine  an  oxime. 
On  warming  with  zinc-dust  and  caustic-soda  solution,  it  forms. 
oxanihranol, 

CHOH 

CO 

which  in  alkaline  solution  is  converted  into  anthraquinone  by  atmos- 
pheric oxidation.  Oxanthranol  dissolves  in  alkalis,  the  solution 
having  a  deep  blood-red  colour. 

This  property  of  oxanthranol  makes  its  formation  a  delicate  test 
for  anthraquinone.  It  is  carried  out  by  warming  the  substance  to 
be  tested  with  zinc-dust  and  caustic-soda  solution;  if  anthraquinone 
is  present,  a  blood-red  colouration  is  developed,  and  is  destroyed 
by  shaking  up  the  mixture  with  air. 

Oxygen  is  rendered  "active"  (299)  in  the  oxidation  of  oxan- 
thranol, hydrogen  peroxide  being  formed  in  addition  to  anthraqui- 
none. As  in  other  instances  of  oxygen  being  rendered  active,  for 
every  atom  of  oxygen  employed  for  oxidation,  one  atom  is  used  ui> 
in  the  formation  of  hydrogen  peroxide. 
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On  reduction  with  tin  and  hydrochloric  acid,  aiithraquinone  is 
converted  into  anthrand, 

X)(OH) 

a  substance  of  weak  phenolic  character,  which  is  slightly  soluble  in 
cold,  and  readily  in  boiling,  alkalis.  Its  formation  is  to  be  looked 
upon  as  resulting  from  the  splitting-off  of  water  from  an  interme- 
diate product,  a  dihydric  alcohol: 

CO  CiH|OH  yC(OH) 

^B^i  <  00  ^  ^»^*  ~^  ^«^4  ^  Chi  OH  I  ^  ^«^^  ~^  ^t^éC  I  >  CflH^. 

AnthraquiDone 

Anthranol 

When  anthraquinone  is  more  strongly  reduced,  by  heating  with 
zinc-dust,  it  yields  anthracene. 

Alizarin,  or  dihydroxyanthraquinone,  is  the  most  important 
derivative  of  anthraquinone,  and  is  a  dye  of  a  splendid  red  colour. 
It  was  formerly  manufactured  from  madder-root,  which  contains 
a  glucoside,  mberythric  acid,  CjflHjgO^,  yielding  glucose  and  alizarin 
on  boiling  with  dilute  sulphuric  or  hydrochloric  acid;  but  it  is  now 
prepared  almost  wholly  by  a  synthetical  method.  It  is  one  of  the 
organic  dyes  known  to  the  ancients. 

In  preparing  alizarin,  the  anthracene  is  first  oxidized  to  anthra- 
quinone  with  sodium  dichromate  and  sulphuric  acid.  Heating 
with  concentrated  sulphuric  acid  at  100°  converts  various  impuri- 
ties into  sulphonic  acids,  the  anthraquinone  remaining  unchanged; 
on  dilution,  these  sulphonic  acids  dissolve,  so  that  pure  anthra- 
quinone is  left  after  filtering.  This  is  then  heated  to  160®  with 
fiuning  sulphuric  acid  containing  50  per  cent,  of  sulphur  trioxide, 
the  main  product  being  the  monosulphonic  acid.  Its  sodium  salt  is. 
only  slightly  soluble  in  water,  and  separates  out  when  the  acid  is 
neutralized  with  sodium  carbonate.  On  fusing  with  sodium  hydrox- 
ide, the  sulpho-group  is  replaced  by  hydroxyl.  A  second  hydroxyl- 
group  is  simultaneously  formed,  its  production  being  considerably 
facilitated  by  the  addition  to  the  reaction-mixture  of  potassium 
chlorate  as  an  oxidizing-agent: 
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C,H,<^>C,H,.SO^a  +  3NaOH  +  O  - 

Sodium  anthraquinone- 
xnonosulphouate 

=  C,H,<^>CeH,(ONa);+  2H,0  +  Na^SO,. 

The  dye  is  set  free  from  the  sodium  salt  by  addition  of  an  acid. 

Alizarin  crystallizes  in  red  prisms,  and  sublimes  in  orange 
needles,  melting  at  289^-290*^;  it  is  nearly  insoluble  in  water,  and 
slightly  soluble  in  alcohol.  On  account  of  its  phenolic  character, 
it  dissolves  in  alkalis.  It  yields  a  diacetate.  On  distillation  with 
zinc-dust,  it  is  converted  into  anthracene,  a  reaction  which  gave 
the  first  insight  into  the  constitution  of  alizarin. 

The  value  of  alizarin  as  a  dye  depends  upon  its  power  of  forming 
fine-coloured,  insoluble  compounds,  called  lakes^  with  metaUic 
oxides.  When  a  fabric  is  mordanted  with  one  of  these  oxides,  it 
can  be  dyed  with  aUzarin,  the  colour  depending  on  the  oxide  used. 
The  ferric  oxide  compound  of  alizarin  is  violet-black,  the  chromium 
oxide  compound  claret-colour,  the  calcium  oxide  compound  blue, 
the  aluminium  and  tin  compoimds  various  shades  of  red  (Turkey- 
red),  etc. 

383.  The  method  by  which  alizarin  is  prepared  proves  it  to  be  a 
derivative  of  anthraquinone,  but  it  has  now  to  be  determined  what 
positions  the  hydroxyl-groups  occupy.  The  formation  of  alizarin 
when  phthalic  anhydride  is  heated  at  150®  with  catechol  and 
sulphuric  acid  proves  them  to  be  in  the  same  benzene-nucleus;  and, 
since  the  hydroxyl-groups  in  catechol  occupy  the  o-position,  the 
same  must  be  true  of  alizarin : 


CeH4<pQ>0  +  CeH4<Qjj  2  =  CeH4<QQ>CeH3<Qjj  ^  +  Hj^. 

Phthalic  anhydride  Catechol  Alizarin 

It  follows  that  the  choice  lies  between  the  two  structural  formulae 

O      OH  0 

.OH  /\/\/\0H 

I.     I      ,      [      I         .nd    n.    (J^^^ 
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The  result  of  nitration  proves  that  formula  I  is  correct.  Two 
isomeric  mononitro-derivatives  are  obtained,  with  the  nitro-group 
in  the  same  nucleus  as  the  hydroxyl-groups,  since  both  can  be 
oxidized  to  phthalic  acid.  Formula  I  alone  admits  of  the  formation 
of  two  such  mononitro-derivatives,  and  must  therefore  be  correct. 

Other  hydroxyl-derivatives  of  anthraquinone  are  also  dyes. 
This  is  so  only  when  two  hydroxyl-groups  are  in  the  o-position  to 
one  another.  In  addition  to  these,  derivatives  of  anthraquinone 
containing  hydroxyl-groups  and  amido-groups,  or  only  amido- 
groups,  are  also  valuable  dyes. 


m.  PHEKAHTHBENE,  ChH,o. 

884.  Phenanthrene  is  isomeric  with  anthracene,  and  is  present 
with  it  in  *' anthracene  oil,"  they  are  separated  by  the  method 
already  described  (379).  It  crystallizes  in  colourless,  lustrous 
plates,  which  dissolve  in  alcohol  more  readily  than  anthracene,  the 
solution  having  a  blue  fluorescence.  It  melts  at  96®,  and  boils  at 
340°. 

On  oxidation  with  chromic  acid,  it  yields  first  phenanihra- 
guinone  (p.  486),  and  then  diphenic  acid  (865), 


HOOC         COOH 


This  proves  that  phenanthrene  possesses  two  benzene-nuclei  directly 
linked  to  one  another,  and  is  therefore  a  diphenyl  derivative,  and 
also  a  di-or/Ao-compound.  Diphenyl  with  two  hydrogen  atoms 
substituted,  — CaH4-CöH4 — ,  or  — CjjH^ — ,  differs  from  phenan- 
threne by  CjHj.  This  must  link  together  two  o-positions,  so  that 
phenanthrene  has  the  constitution 


CH=CH 


This  structure  finds  support  in  the  conversion  of  stilbene  into 
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phenanthrene,  on  passing  its  vapour  through  a  red-hot  tube,  a 
method  of  formation  analogous  to  that  of  diphenyl  from  benz- 
ene (364) : 

CH — CqH^  CH — CqH^ 

II       -H»=£  I  • 

CH — CqHs  CH — C0H4 

Btiibeoe  Phenanthrene 

It  is  seen  from  the  above  constitutional  formula  that  the  group 
CH :  CH,  which  is  united  with  four  C-atoms  of  diphenyl,  thus  yields  a 
fresh  ring  of  six  C-atoms.  The  question  arises  whether  this  is  a  true 
benzene-ring;  if  it  is  not,  the  link  QjHj  must  be  assumed  to  contain 
a  double  bond.  This  question  is  difficult  to  answer.  On  the  one 
hand,  phenanthrene  displays  aromatic  properties;  for  example,  its 
yielding  phenanthraquinone,  which  resembles  other  quinones  in 
being  reduced  by  sulphurous  acid  to  dihydroxyphenanthrene, 

CeH— C-OH 
CeH,— C-OH ' 

the  existence  of  a  bromophenanthrene,  in  which  the  bromine 
atom  is  very  firmly  linked,  and  is  not  attacked  by  alcoholic  potash 
at  170°,  and  whose  structure  is  proved  by  its  oxidation  to  phenan- 
thraquinone to  be 

CeH,— CBr 

I        II    ; 

C«H— CH 

and  the  fact  that  phenanthrene  is  not  acted  upon  by  Baeyer's 
reagent  for  double  bonds  (123) :  all  point  to  the  aromatic  character 
of  this  ring.  On  the  other  hand,  however,  the  group  CzH,  adds  on 
bromine  very  readily,  and  is  attacked  when  phenanthrene  is  oxi- 
dized— reactions  characteristic  of  an  ordinary  unsaturated  group. 

CeH,— CO 
Phenanthraquinone,    \  |    ,   is   a  yellow,   crystalline  sub- 

CeH,-CO 
stance  melting  at  200®,  and  boiling  without  decomposition  above 
360°.    Its  diketonic  character  follows  from  its  yielding  dideriva- 
tives  with  sodium  hydrogen  sulphite,  and  with  hydroxylamine.    It 
is  odourless,  and  non-volatile  with  steam. 
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IT.  FLÏÏOBAVTHSKB,  PYBSHS,  AlTO  CEBTtEHI 

S85.  Other  hydrocarbons  possessing  condensed  rmgs  and  a 
greater  number  of  carbon  atoms  are  also  known.  Among  these 
are  fluaranihenef  C^JIiq,  with  the  formula 

pyrene,  C,^,„  with  the  probable  formula 


and  chrytene,  Ou,  H^,  with  the  formula 

CJl4— CH 

I 
C,. 


I  II    . 


These  compounds  are  present  in  the  coal-tar  fractions  coming  over 
above  360^,  and  also  in  a  peculiar  substance  called  ''stubb-fat/'  ob* 
tained  in  the  distillation  of  mercury  ores  from  Idria. 


HSTSBOCTCLIC  COMFOXnTDS. 

886  The  compounds  hitherto  considered  all  contain  a  ring  of 
carbon  atoms  only,  and  can  be  classed  together  under  the  name 
homocydic  compounds.  It  was  mentioned  in  269  that  ring-systems 
are  also  known  possessing  not  only  carbon  atoms  but  also  those  of 
other  elements.  Substances  containing  rings  of  this  kind  are  classed 
together  as  heterocyclic  compounds.  A  few  of  these  and  their  deriva- 
tives will  be  considered. 

I.     PTBIDINE,  CjHsN. 

Pyridine  and  some  of  its  homologues  are  constituents  of  coal- 
tar.  On  mixing  the  "light  oil"  (267)  with  sulphuric  acid,  they  are 
absorbed  by  the  latter,  and  separate  on  addition  of  sodium  car- 
bonate in  the  form  of  a  dark-brown,  basic  oil,  from  which  pyridine 
and  its  homologues  are  obtained  by  fractional  distillation.  Pre- 
pared by  this  method,  pyridine  is  never  quite  pure,  always  con- 
taining small  proportions  of  its  homologues. 

Another  source  of  p3rridine  is  "  Dippel's  oil,"  a  liquid  of  extremely 
disagreeable  odour,  obtained  by  the  dry  distillation  of  bones  which 
have  not  been  deprived  of  their  fat.  It  is  a  very  complicated  sub- 
stance, containing,  in  addition  to  the  pyridine  bases  and  quinoline, 
many  other  substances,  such  as  nitriles,  amines,  and  hydrocarbons. 

Pyridine  is  a  colourless  liquid  boiling  at  115°,  and  with  a  specific 
gravity  of  1-0033  at  0°;  it  is  miscible  with  water  in  all  proportions, 
has  a  strongly  alkaline  reaction,  and  a  very  characteristic  odour 
reminiscent  of  tobacco-smoke.  It  is  very  stable,  being  unattacked 
by  boiling  nitric  or  chromic  acid.  It  reacts  with  sulphuric  acid 
only  at  high  temperatures,  yielding  a  sulphonic  acid.  The  halogens 
have  very  slight  action  on  it.  On  very  energetic  reduction  with 
hydriodic  acid  at  300°,  it  yields  normal  pentane  and  ammonia. 

Being  a  base,  it  yields  salts  with  acids,  mostly  readily  soluble  in 
water.  The  ferrocyanide  dissolves  with  difficulty,  and  is  employed 
in  its  purification.    With  platinum  chloride,  the  hydrochloride 

48S 
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yields  a  double  salt,  (C5H5N)3H2PtCl„  freely  soluble  in  water.  On 
boiling  this  solution,  two  molecules  of  hydrochloric  acid  are  elimi- 
nated, with  production  of  a  yello^  compound,  (C5H5N)2PtCl4,  which 
is  only  slightly  soluble  in  water;  this  reaction  affords  a  delicate  test 
for  pyridine.  The  following  test  is  also  very  delicate.  On  warm- 
ing the  base  with  methyl  iodide,  an  energetic  reaction  takes  place, 
with  formation  of  an  addition-product,  CgH^N-CHjI.  When  this 
is  warmed  with  solid  potash,  it  gives  off  a  very  pungent  and  dis- 
agreeable odour. 

887.  Many  methods  for  the  synthesis  of  pyridine  and  its  homo- 
logues  are  known,  although  but  few  of  these  afford  insight  into  its 
constitution.  Among  them  is  the  formation  of  pyridine  from  quino- 
line  and  pentamethylenediamine  (162).  When  the  hydrochloride  of 
the  latter  is  submitted  to  dry  distillation,  piperidine,  or  hexahydro- 
pyridine,  is  produced,  and  can  be  oxidized  to  pyridine  by  heating 
with  sulphuric  acid : 

H 
JCB^ .  CHj .  NHIH .  HCl  .CH,— CH,v  .C  •  CH 

CH,<  I —  ->CHj<  >NH->HC<     >N. 

\ch,.ch,.1nh,  \ch2— ch/  x;.ch 

Pentamethylenediamine  Piperidine  TJ 

hydrochloride  p^^^^^^ 

Another  method  of  preparing  pyridine,  which  is  carried  out  at 
low  temperatures  and,  therefore,  affords  even  more  trustworthy 
evidence  of  its  constitution,  is  from  f-chloroamylamine;  when  an 
aqueous  solution  of  this  substance  is  heated  on  a  water-bath  for 
some  time,  it  is  transformed  into  the  hydrochloride  of  piperidine: 

CH,<?g^S:ZSH,  -CH,<gH;ZCJ^>NH.HCl. 

«-Chloroamylamine 

6-ChloroamylamiDe  was  thus  obtained  by  Gabriel.  r-Chloro- 
propylpheDyl  ether,  obtained  from  chlorotrimethylene  bromide  and 
sodium  phenoxide,  reacts  thus  with  sodiomalonic  ester: 

C,H,OCH,.CH,.CH,a  +  NaCH(COOC,H0,  = 
-  C,H,O.CH,.CH,CH,.CH(COOC,H,),. 

On  saponification  of  this  ester,  and  subsequent  heating  of  the  acid 
obtained,  one  molecule  of  carbon  dioxide  is  split  off,  with  formation 
of  «-phenoxyvaleric  acid,  CeHjO-(CH,)4.COOH.    When  this  acid 
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is  heated  with  lead  thiocyanate,  it  is  converted  into  the  correspond- 
ing nitrile,  C^HO^CGH^^-CN,  which  is  reduced  by  sodium  and 
alcohol  to  6.phenoxyamylamine,  C«H(0*(CH,)|-NH,.  On  heatinj^ 
with  hydrochloric  acid,  the  phenozyl-group  in  this  amine  is  replaced 
by  chlorine. 

Since  p3rridine  is  easily  reduced  to  piperidine  by  sodium  and 
alchohol;  and  piperidine  can  be  oxidized  to  p3rridine,  it  may  be 
assumed  that  pyridine  has  the  same  closed  chain  as  piperidine; 
that  is,  one  of  five  C-atoms  and  one  N-atom.  Moreover,  itjean  be 
proved  that  the  N-atom  in  pyridine  is  not  linked  to  hydrogen;  for, 
while  piperidine  possesses  the  character  of  a  secondary  amine,  3deld- 
ing  a  nitroso-derivative  for  example,  pyridine  has  that  of  a  tertiary 
amine;  thus,  it3deldsan  addition-product  with  methyl  iodide  (386), 
and  the  iodine  atom  in  this  substance,  like  that  in  other  ammonium 
iodides,  can  be  exchanged  for  hydroxyl  by  means  of  moist  silver 
oxide. 

The  number  of  isomeric  substitution-products,  like  that  of 
benzene  (263),  indicates  that  each  carbon  atom  is  in  union  with  one 
hydrogen  atom.    A  substance  of  the  fonnula 


should  yield  three  monosubstitution-products,  2  =  6(flf),  3=5(/J), 
and  4(;/).  Moreover,  for  similar  substituents,  six  disubstitution- 
productsare  possible;  2:3  =  6:5;  3:4=5:4;  2:4  =  6:4;  2  :6,3:5, 
and  2:5  =  6:3.  This  agrees  with  the  results  of  experiment.  The 
mode  of  linking  of  three  out  of  the  four  valencies  of  each  carbon 
atom  is  thus  established,  and  that  of  two  of  the  three  nitrogen 
valencies;  it  remains  only  to  determine  how  the  fourth  valency  of 
each  carbon  atom  and  the  third  of  the  nitrogen  atom  are  distributed 
in  the  molecule. 

The  same  argument  which  led  to  the  assumption  of  the  centric 
formula  for  benzene  (268)  are  applicable  here.  The  great  stability 
of  p3rridine  towards  energetic  chemical  reagents  proves  that  it  does 
not  possess  double  bonds.  Further  analogies  with  benzene  support 
the  assumption  of  a  similar  constitution.    Only  the  side-chains  of 
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both  compounds  are  attacked  by  oxidizing-agents;  with  sulphuric 
acid,  both  yield  sulphonic  acids,  which  are  converted  by  fusion  with 
caustic  potash  into  hydroxyl-derivatives,  and  by  heating  with 
potassium  cyanide  into  cyanides.  The  hydroxyl-derivatives  of 
P3rridine  have  a  phenolic  character:  they  yield  characteristic  colour- 
ations with  ferric  chloride.  The  constitution  of  pyridine  must, 
therefore,  be 

CH 

HC|<|>H^ 

N 

It  must  he  looked  upon  as  benzene  in  which  one  of  the  CHrgroups  nas 
been  replaced  by  N. 

Notwithstanding  these  analogies,  there  are  great  differences  in 
the  behaviour  of  benzene  and  p3rTidine,  one  of  these  being  that  P3Ti- 
dine  does  not  admit  of  nitration. 

The  principle  of  the  orientation  of  pyridine  is  the  same  as  that 
of  benzene — conversion  of  a  compound  of  unknown  structure  into 
one  with  its  side-chains  in  known  positions.  The  monocarboxylic 
and  dicarboxylic  acids  have  served  as  the  main  basis  for  its  orienta- 
tion: the  method  of  ascertaining  the  positions  occupied  by  the 
carboxyl-groups  in  these  compounds  is  described  in  890. 

Homologies  of  Pyridine. 
888.  The  homologues  of  pyridine  are  the  methylpyridines  or 
picolines,  dimethylpyridines  or  lutidines,  and  trimethylpyridines 
or  coUidines.  Many  of  them  can  be  obtained  by  more  or  less  com- 
plex methods;  thus,  j9-picoline  is  formed  by  the  distillation  of 
acroleïn-ammonia  (147),  and  collidine  by  the  distillation  of  croton- 
aldehyde-ammonia.  The  formation  of  pyridine  and  its  homologues 
by  the  dry  distillation  of  bones  depends  upon  these  reactions;  under 
the  influence  of  heat,  the  fat  present  jrields  acrolein,  which  reacts 
with  the  ammonia  resulting  from  the  heating  of  the  albumins, 
forming  p3rridine  bases. 

Hantzsch  has  discovered  an  important  synthesis  of  pyridine 
derivatives — the  condensation  of  one  molecule  of  aldehyde-ammonia 
with  two  molecules  of  acetoacetic  ester: 


CH,l      ICH.' 
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CH, 
OCH 
C»H,OOC.CH,         CHjOOOC^, 

CHjCO  OOCH, 

HNH, 

CH, 
/CH. 

11  H  +3H.0. 

H 

DihydrocoIlidiDedlcarboxylic  ester 

On  oxidation  with  nitrous  acid,  this  substance  loses  two  H-atoms; 
one  from  the  CH-group  and  one  from  the  NH-group^  with  format 
tion  of  coUidinedicarboxylic  ethyl  ester.  On  saponification  of  this 
with  caustic  potash,  and  subsequent  heating  of  the  potassium  salt 
with  quicklime,  the  carboxyl-groups  are  split  o£f,  and  colliding 

CH, 

.0< 

N 
distils  over. 

In  this  S3mthesis  acetaldehyde  may  be  replaced  by  other  alde- 
hydes, and  acetoacetic  ester  by  the  esters  of  other  /9-ketonic  acids,  so 
that  it  affords  a  method  of  preparing  numerous  pyridine  derivatives. 

Some  of  the  homologues  of  pyridine  can  be  obtained  from  it  by 
the  action  of  an  alkyl  iodide,  an  addition-product  being  formed. 
On  heating  this  to  300®,  the  alkyl-group  becomes  detached  from 
the  nitrogen  atom  and  links  itself  to  a  carbon  atom,  a  reaction 
analogous  to  the  formation  of  toluidine  by  heating  methylaniline 
hydrochloride  to  a  high  temperature  (286). 

a-AUylpyridine  is  of  theoretical  importance.    Ladenbubg  ob- 
tained it  by  the  condensation  of  a-picoline  with  acetaldehyde : 
NCACHj  +  OCHCHa  =  NCsH^CHrCHCH,  +  H,0. 

a-PicoUoe  Acetaldehyde  a-Allylpyridlne 

By  its  aid  he  effected  the  first  synthesis  of  a  natural  alkaloid,  that  of 
coniïne,  CgHj^N  (403).  a-Allylpyridine  was  reduced  with  sodium 
and  boiling  alcohol,  yielding  a-propylpiperidine, 

H» 

h,IJh.ch,-ch,-gh, 

NH 
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which  differs  only  from  natural  coniine  in  being  optically  inactive, 
whereas  the  alkaloid  is  optically  active.  This  substance  was  re- 
solved into  a  dextro-rotatory  and  a  tevo-rotatory  modification  by 
fractional  crystallization  of  its  tartrate,  the  dextro-rotatory  isomer 
proving  to  be  identical  with  natural  coniine. 

The  constitutional  formula  of  this  compound  indicates  that  the 
carbon  atom  in  imion  with  the  propyl-group  is  asymmetric.  Ji-Pro^ 
pylpiperidine  and  )^-propylpiperidine  do  not  contain  an  asymmetric 
carbon  atom,  and  should  therefore  be  optically  inactive,  which  is  a 
proof  of  the  o'-structure  of  coniine,  as  well  as  of  picoline,  from  which 
it  is  derived.  A  further  proof  is  that  coniine  splits  up  into  ammonia 
and  normal  octane  when  strongly  heated  with  hydriodic  acid. 
Thus  treated,  a  /?-propylpiperidine  or  ;/-propylpiperidine  must 
yield  an  octane  with  a  branched  side-chain. 

Piperidine  is  present  in  pepper  in  combination  as  piperine, 
Ci,H„NO,;  on  boiling  with  alkalis,  it  yields  piperic  acid,  CijHjoO^, 
and  piperidine,  by  addition  of  one  molecule  of  water.  Piperine 
must,  therefore,  be  looked  upon  as  a  substituted  amide  of  piperic 
acid,  containing  the  piperidine-residue,  C,Hi^ — ,  instead  of  the 
NHj-group: 

C|HiqN — C12H9O1 . 

Piperidine  is  a  colourless  liquid,  boiling  at  106°,  with  a  charac- 
teristic pepper-like  odour  and  strongly  marked  basic  properties.  It 
is  best  obtained  by  the  electro-reduction  of  pyridine. 

Pyridinecarbozylic  Acids. 
889.  Three  pyridinemcmocarboxylic  acids  are  known : 


[^)jCOOH 


olCOOH  vy 

N  N  N 

Floolinio  acid  (a)  Niootinio  add  O)  IsonicotinSo  actd  (>) 

The  orientation  of  the  carboxyl-groups  in  these  acids  can  be  carried 
out  as  follows.  It  was  stated  in  888  that  the  side-chain  in  coniine 
occupies  the  «-position.  On  oxidation,  this  substance  yields  picol- 
inic  acid,  by  conversion  of  the  propyl-group  into  a  carboxyl-group, 
'and  elimination  of  the  six  added  hydrogen  atoms.  Picolinic  acid 
is  therefore  the  nr-carboxylic  acid. 
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Nicotinic  acid  is  proved  to  have  the  ^-constitution  thus:  quino* 
line  (395)  has  the  formula 


N 


It  is  naphthalene  in  which  one  of  the  a-CH-groups  has  been  replaced 
by  N.  On  oxidation,  quinoline  yields  a  pjrridinedicarboxylic  acid, 
guinolinic  add,  which  must  therefore  have  the  structure 


^^COOH 


On  heating  this  acid,  one  molecule  of  carbon  dioxide  is  eliminated, 
with  formation  of  nicotinic  acid.  Since  the  carboxyl-group  in 
picolinic  acid  has  been  proved  to  occupy  the  ar-position,  nicotinic 
acid  must  be  the  ^-acid;  there  remains  only  the  ;^-structure  for 
isonicotinic  acid. 

The  pyridinemonocarboxylic  acids  are  formed  by  the  oxidation 
of  the  homologues  of  pyridine  containing  a  side-chain.  Nicotinic 
acid  derives  its  name  from  its  formation  by  the  oxidation  of  nicotine. 
The  monocarboxylic  acids  are  crystalline,  and  possess  both  a  basic 
and  an  acidic  character.  As  bases,  they  yield  salts  with  acids,  and 
double  salts  with  platinum  chloride  and  mercuric  chloride,  etc. 
As  acids,  they  form  salts  with  bases,  the  copper  salts  being  often 
employed  in  their  separation. 

Picolinic  acid  can  be  distinguished  from  its  isomers  by  two 
properties :  on  heating,  it  splits  off  COj  more  readily  than  they  do, 
with  formation  of  pyridine;  and  it  gives  a  yellowish-red  colouration 
with  ferrous  sulphate.  Quinolinic  acid  answers  to  the  same  tests; 
it  may,  therefore,  be  concluded  that  they  are  applicable  to  acids 
with  a  carboxyl-group  in  the  «-position. 

890.  By  the  aid  of  these  reactions  it  is  possible  to  determine  the 
positions  of  the  carboxyl-groups  in  the  six  pyridinedicarboxylic  acids. 
On  heating  with  glacial  acetic  acid,  dipicolinic  acid  splits  off  one 
molecule  of  COj,  forming  picolinic  acid;  on  heating  alone,  it  loses 
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two  molecules  of  COj,  yielding  pyridine.    It  musti  therefore,  have 
the  aa'-structure 


0< 


HOOC'v^COOH- 

N 

Quinolinic  acid  was  proved  in  S89  to  have  the  ajS-structure.  LuHd- 
inic  acid  answers  to  the  ferrous  sulphate  test,  and,  on  heating, 
readily  loses  one  molecule  of  COj,  forming  isonicotinic  acid;  this 
proves  it  to  be  an  a^-comffound, 

COOH 

cooh' 

N 

Isocinchomeronic  acid  also  gives  the  colouration  with  ferrous  sul- 
phate, and  is  converted  by  heat  into  nicotinic  acid.  It  cannot  be 
the  o/3-compound,  this  structure  having  been  proved  to  be  that  of 
quinolinic  acid,  and  must,  therefore,  have  the  ajS'-constitution, 

HOOC,^ 

Iv^'cOOH- 

N 

The  positions  of  the  side-chains  in  four  of  the  six  possible  isomers 
have  thus  been  established.  For  the  two  other  acids  there  remain 
the  structures  /SjS*  and  py, 

COOH 
HOOC.^COOH     ^^^      /^COOH. 

N  N 

When  strongly  heated,  cinchomeronic  acid  yields  isonicotinic  acid 
along  with  a  small  proportion  of  nicotinic  acid ;  under  similar  condi- 
tions dinicotinic  acid  yields  only  nicotinic  acid.  They  cannot  be 
a-compounds,  for  they  do  not  give  the  colouration  with  ferrous  sul- 
phate; it  may,  therefore,  be  concluded  that  cinchomerqnic  acid  has 
the  /37-structure,  and  dinicotinic  acid  the  /3/3' structure. 

891.  Pyridine  may  be  looked  upon  as  derived  from  benzene  by 
replacement  of  one  CH-group  by  N.  Other  closed-chain  com- 
pounds are  known,  derived  from  benzene  by  replacement  of  two 
CH-groups  by  O,  N,  or  S,  respectively.  Such  are  furfuran,  C^H^O; 
pyrrole,  C4H5N;  and  ihiophen,  C4H,S. 
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n.  nntFUEAv,  c^o. 

Furfuran,  B.P.  36®,  is  itself  of  little  importance;   two  of  its 
substitution-products  must  be  considered  in  some  détail. 
To  furfuran  is  assigned  the  ring-formula 

HC — CH 

II      II 
HC      CH. 

\/ 
0 

This  is  supported  by  the  resemblance  in  properties  between  some 
of  its  derivatives,  such  as  furfuraldehyde  (furfural  or  furfurok), 

C^HjO-Cq,  and  the  corresponding  benzene  derivatives.    Moreover, 

the  0-atom  can  be  proved  to  be  linked  similarly  to  that  of  ethylene 
oxide  (166),  since  on  treatment  with  sodium,  hydrogen  is  not 
evolved  from  furfuran,  which  proves  the  absence  of  a  hydroxyl- 
group;  and  since  it  is  not  acted  on  by  hydroxylamine  or  phenyl- 
hydrazine,  which  indicates  that  it  does  not  contain  a  carbonyl- 
group. 

Furfuran  derivatives  can  be  obtained  from  the  1 :4-diketones, 
RCO-CHj-CHjCO-R,  by  treatment  with  dehydrating-agents, 
such  as  acetyl  chloride.  This  reaction  may  be  looked  upon  as  the 
result  of  the  conversion  of  the  diketone  into  an  imstable  form^ 
R  •  C :  CH  •  CH :  C  •  R,  which  then  splits  oflf  water; 

ÓH  ÓH 

I       /|0H 

HC=C< 

^R 

This  method  3rields  aar'-substituted  furfuran  derivatives,  the  0- 
atoms  in  furfuran  being  denoted  as  in  the  scheme 

B' B 


V" 
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This  sjmthesis  of  furfuran  derivatives  is  likewise  a  proof  of  their 
constitution.  * 

The  most  important  derivatives  of  furfuran  are  furfiaraldehyde, 

C^HjO-Cq,  and  jn/romucic  add,  C^HjO-OOOH,  both  of  which  have 

long  been  known. 

Furfuraldehyde  is  prepared  from  pentoses  by  the  method  men- 
tioned in  211.  It  has  the  character  of  an  aromatic  aldehyde;  like 
benzaldehyde  (299),  it  is  converted  by  alcoholic  potash  into  the 
corresponding  acid,  p3rromucic  acid,  and  the  corresponding  alcohol, 
furfvryl  alcohol,  Cfifi  •  CHaOH : 


D 


COOH     "*"     IJcHjOH. 
0  O 

FQrfttimldehjdo  Pjromuclo  acid  Furfuryl  alcohol 

• 

With  ammonia  it  jrields  furfuramide,  (C5H40)aN2,  analogous  in 
composition  to  hydrobenzamide  (299).  Just  as  benzaldehyde  con- 
denses in  presence  of  potassium  cyanide  to  benzoin  (868),  furfur- 
aldehyde under  the  same  conditions  yields  the  similarly  constituted 

H 
fvroïn,  C^ELfi'C-CO'G^B^fi.    The  resemblance  in  properties  be- 

ÓH 
tween  the  two  compounds  is,  therefore,  very  striking. 

Furfuraldehyde  is  proved  to  have  the  «-structure  by  varous 
means;  for  example,  by  its  formation  from  pentoses  (211),  which 
may  be  represented  thus : 


HO      H 


CH-CHq|H  ^"^^x^ 

CH-CrOH     ""     ,CH==G<    „* 


Fwitote  FurfufBldflbyda 

Furfuraldehyde  results  from  the  elimination  of  three  molecules  of 
water  imder  the  influence  of  hydrochloric  or  sulphuric  acid.    It  is 
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a  colourless,  oily  liquid  of  agreeable  odour,  and  boils  at  162*^.  A 
test  for  it  is  described  in  211.  • 

As  its  name  indicates,  pjrromucic  acid  is  fonned  by  the  dry 
distillation  of  mueic  acid  (212,  6).  It  can  also  be  obtained  by 
oxidizing  furfuraldehyde  with  silver  oxide.  It  is  crystalline,  melts 
at  132°,  can  be  readily  sublimed,  and  dissolves  freely  in  hot  water. 
When  heated  at  275®  in  a  sealed  tube,  it  splits  up  into  carbon  dioxide 
and  furfuran. 

Pyromucic  acid  wholly  lacks  the  character  of  an  aromatic  com- 
pound: its  properties  in  no  way  resemble  those  of  benzoic  acid,  but 
are  like  those  of  the  unsaturated  fatty  acids.  Thus,  it  easily  under- 
goes oxidation;  it  almost  instantaneously  decolourizes  Baeyer's 
reagent  (123),  and  re^ily  adds  four  bromine  atoms.  .  Hence,  the 
distinguishing  characteristics  of  the  benzene-nucleus  are  absent,  so 
that  the  formula 

HC=CH 
I         >0. 
H(J=C 

COOH 

with  two  double  bonds,  must  be  assigned  to  it. 

in.   FTBBOLE,    QHjN. 

892.  PyrroLe  is  present  in  coal-tar,  and  in  "Dippel's  oil"  (886). 
It  is  a  colourless  liquid  of  chloroform-like  odour,  and  boils  at  131®. 
The  vapou*^  of  pyrrole  and  its  derivatives  impart  a  carmine-red 
colouration  to  a  wood-shaving  moistened  with  hydrochloric  acid, 
due  to  the  formation  of  an  amorphous  substance,  jyyrrcle^ed. 
This  is  a  delicate  test  for  these  compounds. 

Pyrrole  can  be  synthesized  by  distilling  succinimide  (169)  with 
zinc-dust,  which  proves  its  constitution: 

CHa— (XX  CH=r<3I 

I  >NH     ->       I  >NH. 

CHj— CO^  CH=CH 

Soccinimide  Pyrrole 

Pyrrole  derivatives  are  obtained  from  1 : 4-diketones  by  treat- 
ment with  ammonium  acetate,  a  process  analogous  to  the  formation 
of  furfuran  derivatives  from  these  substances  (891): 


OH+H 


iU<: 
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R 


l:4-Diketone 

Pyrrole  has  to  some  extent  the  character  of  a  secondary  amine. 
The  hydrogen  linked  to  nitrogen  can  be  replaced  by  potassium,  with 
formation  of  potcLssio-pyrrole,  C4H4NK,  which  reacts  with  alkyl 
halides,  acid  chlorides,  etc.,  yielding  "N-substitution-products;'* 
that  is,  pyrrole  derivatives  with  substituents  in  union  with  the 
N-atom. 

Pyrrole  resembles  benzene  in  properties  much  more  closely  than 
furfuran  does,  being  much  more  stable  than  the  latter.  As  a  result 
of  this,  it  does  not  yield  addition-products  with  halogens.  On 
reduction  with  zinc-dust  and  acetic  acid,  however,  it  takes  up  two 
hydrogen  atoms,  with  formation  of  dihydropyrrole*  or  pyrroKne, 
C^H^NH,  which  adds  on  two  atoms  of  bromine.  This  behaviour 
is  very  like  that  of  benzene  and  its  partially-hydrated  derivatives 
(270).  For  these  and  other  reasons,  pyrrole  is  assumed  to  possess 
centric  bonds,  and  its  formula  becomes 


NH 


IV.  THIOPHEK.  C4H48. 

393.  Thiophen  has  the  most  aromatic  character  of  the  com- 
pounds mentioned  at  the  beginning  of  391. 

It  is  present  in  the  crude  benzene  obtained  from  coal-tar  (267) 
to  the  extent  of  about  0-5  per  cent.;  its  homologues,  thioiolen  or 
methylthiophen,  and  thioxen  or  dimethylthiophen,  are  contained  in 
toluene  and  xylene  from  the  same  source. 

*The  Chemical  Society  of  London  employs  the  name  dihydropyrrciU 
for  the  compound  C4HTN,  and  tetrahydropyrrole  for  C4HtN.  In  the  nomencla- 
ture of  the  Gbkican  Chemical  Socibtt  the  corresponding  terms  are  pyrroUn 
and  pyrrolidin. — Tbanblatob. 
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Thiophen  was  first  obtained  by  Victor  Meyer  by  agitating 
coal-tar  benzene  with  small  amounts  of  concentrated  sulphuric 
acid  till  it  ceased  to  give  the  indophenin  reaction,  a  blue  colouration 
with  isatin  (398)  and  concentrated  sulphuric  acid.  By  this  treat- 
ment the  thiophen  is  converted  into  a  sulphonic  acid,  from  which  it 
can  be  regenerated  by  the  action  of  superheated  steam. 

Thiophen  can  be  synthesized  by  various  methods,  the  most 
important  being  the  interaction  of  succinic  acid  and  pentasulphide 
of  phosphorus.  On  heating  a  mixture  of  these  substances,  a  vigor- 
ous reaction  ensues,  carbon  disulphide  is  evolved,  and  a  liquid,  con- 
sisting chiefly  of  thiophen,  distils  over. 

It  is  a  colourless  liquid,  boiling  at  84°,  a  temperature  which 
differs  little  from  the  boiling-point  of  benzene  (80-4®).  It  has  a 
faint,  non-characteristic  odour.  It  is  heavier  than  water,  its 
specific  gravity  being  1-062  at  23®. 

Bromine  reacts  energetically  with  thiophen,  forming  chiefly 
dSbromothiophen,  C4H3Br2S,  along  with  a  small  proportion  of  the 
monobromo-derivative. 

The  homologues  of  thiophen  can  be  obtained  by  Fittig's  syn- 
thesis (268)  and  by  other  methods;  for  instance,  by  heating  1:4- 
diketones  with  pentasulphide  of  phosphorus,  a  mode  of  synthesis 
which  proves  the  constitution  of  the  thiophen  homologues.  Thus, 
acetonylacetone  yields  dimethyühiaphen : 

/OH    ^    Hf--p/^     • 
X!H,  ^^» 

Aoetofivlacetone  ««'-nimethylthiopbeii 

(unstable  form) 

Since,  however,  thiophen  has  all  the  properties  of  an  aromatic  com- 
pound, it  must  also  be  assumed  to  possess  centric,  and  not  double, 
bonds,  so  that  its  constitution  is  represented  by  the  following  scheme 
which  also  shows  the  mode  of  denoting  the  carbon  atoms 

^K7f 


V' 
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aa'-Dialkyl-thiophens  are  obtained  from  l:4-diketones;  the 
j8-alkyl-compound8  can  be  prepared  by  another  method.  It  was 
stated  (p.  500)  that  thiophen  results  from  the  mteraction  of  suc- 
cmic  acid  and  pentasulphide  of  phosphorus: 

H 
Hj(>-COOH  HC— d 

H,C— COOH  HC— C^ 

H 

Sacclnic  add  Thiopheii 

Similarly,  a  monoalkylnsuccinic  and  symmetrical  dialkyl-succinic 
4tcid  respectively  yield  a  /?-alkyl-thiophen  and  a  ^^-alkyl-thiophen: 

CH3.CH-COOH  CH.C-CH 

I  ->  I       >S. 

CH.CH-^OOH  CH,.C— CH 

Symmetrical  dimethyl.  ^^'-Dlmethyl- 

saociDic  acid  thiophen 

The  known  structure  of  these  compounds  can  be  employed  as 
a  basis  for  the  orientation  of  the  derivatives  of  thiophen. 

The  two  monocarboxylic  acids,  a-thiophencarboxylic  acid  and 
.^hiophencarboxylic  acid; 


Q 


I iCOOH 

COOH    ^^^    W  f 


possess  the  remarkable  property,  when  a  cold  aqueous  solution  con- 
taining both  of  them  is  crystallized  slowly,  of  forming  a  mixture 
ivhich  cannot  be  resolved  into  its  components.  On  oxidizing  a 
mixture  of  a-thiotolen  and  j9-thiotolen,  an  apparently  homoge- 
neous acid  is  obtained;  from  its  method  of  formation,  however,  it 
•can  only  be  a  mixture  of  the  corresponding  acids. 

ThiophenkeUmes  are  prepared  by  Friedel  and  Crafts'  reaction 
(268);  thus,  acetothienone  or  a-ihünylmethylkedme.  CiHjS-CXDCH,, 
is  obtained  from  acetyl  chloride  thiophen.  and  aluminium  chloride. 
These  ketones  are  readily  oxidized  to  thiophencarboxylic  acids, 
.-a  good  method  of  preparing  these  compounds. 

A  thiophensidphonic  acid  is  also  known;  it  is  more  easily  formed 
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than  benzenesulphonic  acid,  which  furnishes  a  method  of  separating 

thiophen  and  benzene  (p.  500).    On  distillation  with  potassium 

cyanide,  it  fonns  the  corresponding  nitrile;  but  the  sulpho-group 

is  not  exchanged  for  hydroxyl  by  fusion  with  caustic  potash.    It  is 

possible,  however,  to  obtain  a  thiophenphenol  by  the  interaction  of 

aminothiophen  hydrochloride  and  nitrous  acid,  which  yields  a 

NO 
nitrated  hydroxyl-derivative,  C4H3S<qtt'.  This  compoimd  greatly 

resembles  p-nitrophenol;  thus,  it  dissolves  in  alkalis,  yielding  a 
solution  of  yellow  colour. 

On  volatilizing  thiophen  in  a  ciurent  of  ajr,  and  passing  the 
resulting  gaseous  mixture  into  carefully  cooled,  frnning  nitric  acid, 
the  principal  product  is  dinitrothiophen,  although  mononiirothiophen 
is  also  formed.  The  latter  is  a  solid,  melting  at  44°,  and  boiling  at 
224°;  it  has  an  odour  like  that  of  nitrobenzene.  On  reduction,  it 
yields  aminothiophen,  or  thiophenine,  which  differs  from  aniline  in 
being  very  unstable;  it  quickly  changes  to  a  varnish-like  mass,  but 
its  hydrochloride  is  stable.  It  does  not  yield  diazo-compounds, 
but  reacts  with  benzenediazonium  chloride,  forming  a  crystalline, 
orange  dye. 

Many  other  thiophen  derivatives  have  been  obtained,  chiefly 
through  the  researches  of  Victor  Meyi^r.  The  examples  which 
have  been  cited  suffice  to  indicate  the  great  analogy  subsisting 
between  the  properties  of  thiophen  and  those  of  benzene. 

V.     FTBAZOLE,   CjH^N,. 

394.  Pyrcurde  is  obtained  by  the  action  of  hydrazine,  NHj-NH,, 
on  epichlorhydrin  (162): 

CH3— CH  CH-CH 

VI  II     li 

Ö   CH3    ->     N       CH. 

i 'icTl  \/ 

HjIn-nhihI  nh 

Hydrogen  is  simultaneously  eliminated,  which  is  effected  by  em- 
ploying excess  of  hydrazine;  one  molecule  of  this  takes  up  two 
atoms  of  hydrogen,  forming  two  molecules  of  anmionia.  This  syn- 
thesis proves  that  pyrazole  has  the  above  formula,  so  that  it  may  bo 
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regarded  as   pyrrole  in  which  one  of  the  CH-groups  nas  been 
replaced  by  N. 

It  is  crystalline,  melts  at  70°,  and  is  very  stable.  It  yields 
only  a  weak  base,  for  its  aqueous  solution  has  a  neutral  reaction. 

Pyrazole  itself  does  not  give  important  derivatives,  but  such 
are  obtained  from  a  dihydro-product,  pyrazoline,  CjHeNj,  formed 
by  the  action  of  hydrazine  hydrate  on  acrolein.  This  substance  has 
the  formula 

CH— CHa 

11  u 

Yh 

Bromine  converts  it  into  pyrazole.    A  ketonic  derivative  of  pyrazo- 
line  is  called  pyrazolone,  and  has  the  formula 

CH— CH, 

N      CO; 

NH 

substitution-products  of  it  are  obtained  by  the  interaction  of  aceto- 
acetic  ester  and  phenylhydrazine : 


CH3-C[0 H^N  CH,.C=N 

I  ±_l         -^  I  >N.CA. 

H,C— CO  •  |OC,H,       H|NC,H,         BJC^-CO^ 

Methylphenylpyrazolone  is  thus  formed.  Methylphenylhydrazine, 
C^Hj'NH-NH-CHj,  condenses  similarly  with  acetoacetic  ester, 
yielding  a  dimethylphenylpyrazolone  with  the  formula 

CH3.C— NCCH,) 

II       >N.C.H.. 
HO-CO 

This  is  antipyrine,  CuHuN^O,  which  was  discovered  by  Knobb, 
and  is  extensively  employed  in  medicine  as  a  febrifuge.  It  cry»- 
taliizes  in  white  leaflets  melting  at  113°;  it  cannot  be  distilled 
without  undeiigoing  decomposition.    It  is  readily  soluble  in  water 


504  ORGANIC  CHEMISTRY. 

and  alcohol;  the  aqueous  solution  gives  a  red  coloxuution  with 
ferric  chloride,  and  a  bluish-green  one  with  nitrous  acid. 

Antipyrine  is  manufactured  by  condensing  phenylhydrazine  and 
acetoacetic  ester  to  methylphenylpyrazolone,  and  subsequently 
introducing  a  methyl-group  into  this  compound  by  heating  it  with 
a  mixture  of  methyl  alcohol,  methyl  iodide,  and  caustic  potash. 

Many  other  ring-compounds  are  known,  containing  rings  of  six, 
as  well  as  of  five  atoms,  but  these  are  beyond  the  scope  of 
this  book. 


C0VDEVSA7I0V-PB0DVCTS   OF  BEVZEÏE  AHD 
HETEBOCTCLIC  HVCLEI. 

896.  Only  three  of  the  compound»  of  this  class  will  be  described: 
quinoline,  üoquinoline,  and  indole.  The  first  two  are  related  to  the 
alkaloidS;  and  the  last  is  important  on  account  of  its  relation  to 
indigo. 

I.  aiTIHOLIHE.  C,H,N. 

Quinoline  is  present  in  coal-tar  and  bone-oil,  but  it  is  difficult 
to  obtain  it  pure  from  these  sources.  It  is  usually  prepared  by 
Skraup's  synthesis,  which  is  described  bclpw.  It  is  a  colourless, 
highly  refractive  liquid  of  characteristic  odour;  it  boils  at  236®, 
and  has  a  specific  gravity  of  1  •  1081  at  0°.  It  has  the  character  of 
a  tertiary  base,  so  that  it  possesses  no  hydrogen  linked  to  nitrogen. 
It  yields  salts  with  acids;  the  dichromate,  (C,H7N)2H2Cr207,  dis- 
solves with  difficulty  in  water. 

Quinoline  can  be  s)nithesized  by  various  methods  which  prove 
its  constitution.  Its  s)nithesis  was  first  effected  by  Königs,  by 
passing  allylaniline-vapour  over  red-hot  oxide  of  lead : 

H    CH,  H     H 

H      NH  H      N 

AUylanlUne 

Skkaup's  synthesis  consists  in  heating  together  aniline,  glyc- 
erol, sulphuric  acid,  and  nitrobenzene.  In  presence  of  sulphuric 
acid  as  a  dehydrating-agent,  the  glycerol  loses  water,  forming 
acrolein,  which  unites  with  the  aniline  to  acrolem-aniline, 
CeHj-NiCH-CH.-CHj.  In  Königs'  synthesis  the  oxidizing-agent 
is  the  lead  oxide;  in  this  it  is  the  nitrobenzene,  which  is  reduced 
to  aniline.     Arsenic  acid  can  be  substituted  for  nitrobenzene, 

S05 
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Baeyer  and  Drewsen  have  discovered  another  method  of  syn- 
thesis which  proves  the  constitution  of  quinoline;  it  consists  in  the 
reduction  of  o-nitrocinnamaldehyde.  This  is  first  converted  into 
an  intermediate  product,  the  corresponding  amino-compound,  the 
H-atoms  of  the  NHj-group  of  this  substance  being  subsequently 
eliminated  along  with  the  Oatom  of  the  aldehyde-group : 

H      CH  H     H 

H     N|H,    I  H     N 

Quinoline 


The  last  synthesis  proves  quinoline  to  be  an  orfAo-substituted 
benzene;  the  constitution  of  the  ring  containing  the  N-atom  has 
now  to  be  determined.  This  is  effected  by  oiddation,  which  pro- 
duces a  dibasic  acid,  quinolinic  add, 

H 

hooc/\h 
HoocisJn' 

N 

which  on  distillation  with  quicklime  yields  pjrridine.  From  these 
facts  it  must  be  concluded  that  quinoline  contains  a  benzene- 
nucleus  and  a  pjrridine-nucleus,  with  two  or<Ao-C-atoms  common 
to  both.  It  may  be  regarded  as  naphthalene,  in  which  one  of  the 
a-CH-groups  has  been  replaced  by  N.  It  was  mentioned  (268, 
870,  and  887)  that  the  assumption  of  centric  bonds  is  the  most 
probable  explanation  of  the  structure  of  benzene,  naphthalene,  and 
pjrridine.  The  analogy  between  these  substances  and  quinoline  is  an 
indication  that  it,  too,  possesses  centric  bonds,  so  that  it  has 
the  formula 


i<IXIX 


ORIENTATION  OF  QUINOLINE  DERiyATIVES.  S©? 

The  number  of  isomeric  substitution-products  is  very  large. 
The  seven  hydrogen  atoms  occupy  dissimilar  positions  relative  to 
the  nitrogen  atom,  so  that  seven  monosubstitution-products  are 
possible.  Twenty-one  disubstitution-products  are  possible  for 
similar  substituents,  while  the  number  of  triderivatives  possible  is 
much  greater,  etc. 

896.  There  are  three  methods  for  the  orientation  of  quinoline 
derivatives. 

First,  the  relative  method  (362, 1). 

Second,  oxidation.  This  usually  removes  the  benzene-nucleus, 
leaving  the  pyridine-nucleus  intact,  and  thus  furnishes  a  means  of 
determining  which  substituents  are  present  in  each  of  these. 

Third,  Skraup's  synthesis — an  important  aid  to  orientation. 
It  can  be  carried  out  not  only  with  anUine,  but  with  many  of  its 
substitution-products,  such  as  homologues  of  aniline,  nitranilines, 
aminophenols,  and  other  derivatives.  The  quinoline  compounds 
thus  obtained  have  their  substituents  in  the  benzene-nucleus. 
But  this  synthesis  also  indicates  the  positions  of  the  side-chains 
when  an  oriAo-substituted  or  a  para-substituted  aniline  is  used;  thus, 

can  only  yield  I       .       , , 


X     NH,  X     N 

Ortho 


All  four  possible  quinoline  derivatives  with  substituents  in  the 
benzene-nucleus  can,  therefore,  be  prepared  by  Skraup's  synthesis. 
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The  nomenclature  of  the  quinoUne  derivatives  is  indicated  vet 
the  scheme 

Si 


Many  of  the  known  quinoline  derivatives  are  obtained  by 
Skraup's  method,  a  smaller  number  directly  from  quinoline.  The 
sulphonic  acids  are  best  prepared  by  the  latter  method.  On  fusion 
with  caustic  potash,  they  are  converted  into  hydroxyquinolines;; 
when  heated  with  potassium  cyanide,  they  yield  cyanoquinolines, 
which  on  hydrolysis  give  carboxylic  acids. 

Carbostyril  is  2-hydroxyquinoline;  it  can, be  synthesized  by  the 
elimination  of  water  from  o-aminocinnamic  acid: 

CH=CH  /\/\ 


c.h/  

\n|H,0| 


0|COH 

o-AminociDDamic  acid 

Carbostyril 

It  has  a  phenolic  character;  thus,  it  dissolves  in  alkalis,  and  is; 
reprecipitated  by  CO,. 

n.  iBoanmoLiKE,  c,,h,n. 

897.  Isoquinoline  is  present  in  coal-tar,  from  which  HooGEwrRFF- 
and  VAN  Dorp  isolated  it  in  the  form  of  its  sparingly  soluble- 
sulphate.  It  is  a  colourless  substance  with  an  odour  like  that  of 
quinoline;  it  melts  at  21^,  and  boils  at  237°. 

The  following  synthesis  indicates  its  constitution.    On  heating,. 

the  ammonium  salt  of  homophihalic  add,  C|H4<qqAVt  i»  ^ 

converted  into  homophthalimide: 

XH^COONH,  /CH-CO 

CAv  -  2H,0  -  NH,  -  C,HX       >NH. 

\000NH,  \C0 

Hnmoi 'ht  halimlde 

On  treating  with  phosphorus  oxychloride,  each  0-atom  is  replaced 
by  two  Q-atoms,  2HC1  being  subsequently  split  off,  with  formation, 
of  dichloroisoquinoline: 

CH|H  /N/Na 

CA<\ca|q.2Ha-U\>. 

CN  ^    Ö 

a|Cl  H]  DichloroiaoquinoUne 


ISOQUINOLINE  AND  INDOLE.  Sog 

Eeduction  with  hydriodic  acid  and  phosphorus  converts  this  sub- 
stance into  isoquinoline,  which  differs  from  ordinary  quinoline  in 
that  the  N-atom  of  the  pyridine-nudeus  is  not  directly  linked  to 
the  benzene-nucleus. 

The  products  obtained  by  the  oxidation  of  isoquinoline  support 
this  view  of  its  constitution.  The  benzene-ring  is  removed  from 
one  part,  and  the  pyridine-ring  from  the  other,  so  that  cinchome- 
ronic  acid  (WO)  and  phthalic  acid  are  formed: 

\/\/N  HOOC\/N  \/\/N  \yCOOH 

Clnchomeronlc  add  Phthalio  acid 

Since  the  constitution  of  isoquinoline  is  decided  by  the  synthesis 
described  above,  it  is  thus  possible  to  infer  from  it  that  of  cincho- 
meronic  acid,  and  this  method  leads  to  the  same  conclusion  as  that 
previously  arrived  at  from  other  considerations  (loc.  cü,). 


in.   INDOLE,   CgH^N. 

398.  The  relation  between  indigo  and  indole,  mentioned  at  the 
beginning  of  896,  is  made  evident  by  the  following  series  of  trans- 
formations, most  of  which  were  discovered  by  Baeyer. 

On  treatment  with  nitric  acid,  indigo,  Ci^Hn^NjOz,  yields  an 
oxidation-product,  isaiin,  CgHgNO,,  which  can  also  be  synthesized 
by  treating  o-nitrobenzoyl  chloride  with  silver  cyanide;  on  hydrol- 
ysis, the  resulting  nitrile  yields  o-nitrobenzoylformic  acid: 

^«^4  <  CO  •  CI  2      ^«"^  ^  CO  •  CN      ^«^  ^  CO  •  COOH. 

o-Nltrobensoyl  o-Nitrobenzoyl  o-Nitrobenzoyl- 

cbloride  cyanide  formic  acid 

On  reduction,  the  nitro-group  in  this  acid  is  converted  into  an 
amido-group,  water  being  split  off  simultaneously,  and  isatin 
formed.  It  has  therefore  the  constitution  indicated  by  the 
equation 

o-Aminobensoylformic  acid  Isatin 

On  reduction  with  zinc-dust  and  hydrochloric  acid,  isatin  takes  up 
two  hydrogen  atoms,  forming  dioxindole,  C^HfNO,.    This  com- 
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pound  also  results  by  the  elimination  of  water  from  the  unstable 
o-aminomandelic  acid,  which  determines  its  constitution : 

NHH  yNH 

o-AminoDUUidelic  acid  I 

OH 

Diozindole 

On  reduction  with  tin  and  hydrochloric^  acid,  dioxindole  5delds 
oxvndoley  CgH^NO,  which  is  also  obtained  by  reduction  of  o-nitro- 
phenylacetic  acid  and  subsequent  elimination  of  water: 

'='«'<C^1ö|0H-«'°-'='°-<5"- 

0-Amlnophenylacetic  acid  Oxindole 

When  distilled  with  zinc-dust,  oxindole  is  converted  into  indole, 

NH 

CjHtN,  which  must,  therefore,  have  the  structure  CeH^<Qjj  >CH; 

or,  written  in  another  way, 

NH 

It  therefore  possesses  a  benzene-nucleus  condensed  with  a  pyrrole^ 
nucleus.  It  does,  in  fact,  display  some  of  the  properties  character- 
istic of  pyrrole;  thus,  it  is  a  very  weak  base,  and  gives  a  red  colour- 
ation with  hydrochloric  acid. 

NH 

fi'Methylindole,  or  skcUole,  C^K^(^  !/^^'  ^  present  in  faces. 

^CCH, 
It  is  also  found  in  a  species  of  wood  grown  in  India,  and  is 
formed  in  the  putrefactive  decay  of  albumin,  or  by  fusing  albumin 
with  caustic  potash.     Skatole  is  characterized  by  its  disagreeable 
odour. 

Indigo. 
The  constitution  of  indigo  is  inferred  from  its  formation  from 
iaaiin  chloride,  obtained  by  the  interaction  of  isatin  and  phosphorus 
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pentachloride;  on  reduction  with  zinc-dust  and  acetic  acid,  it  is 
transfonned  into  indigo: 


N 


C<N^>C.H,- 
H 


CeH,<ji^$^CCl  +  CI 
+   HE[ H 

Since  on  treatment  with  sulphuric  acid,  and  subsequent  reduc- 
tion, o-dinitrodiphenyldiacetylene,  ^"    *  NO*'  ^  ^^^" 

verted  into  indigo,  the  two  isatin-residues  in  the  latter  must  be 
imited  by  a  carbon  bond. 

899.  Indigo  has  long  been  known  as  one  of  the  finest  blue  dyes, 
and  is  very  permanent,  being  unaffected  by  light,  acids,  alkalis, 
or  washing.  It  is  prepared  from  certain  plants,  among  them  Indi- 
go f  era  tinctoria  and  leptostycha.  These  are  cultivated  on  a  large 
scale  in  Bengal  in  India — whence  the  dye  derives  its  name — as  well 
as  in  Central  America,  Java,  and  other  countries.  Indigo  is  not 
present  in  the  plant  as  such,  but  in  combination  as  the  glucoside 
indicaUj  which  is  chiefly  in  the  leaves,  and  can  be  extracted  with 
hot  water.  It  is  crystalline,  and  has  the  formula  C,4Hi7NO<i+ 3HjO. 
In  addition  to  the  glucoside,  the  leaves  contain  an  enzyme,  whose 
activity,  like  that  of  all  enzymes,  is  destroyed  by  boiling  water; 
hence,  when  indican  itself  is  to  be  prepared,  hot  water  must  be 
employed  in  the  extraction.  With  cold  water,  both  indican  and 
the  unchanged  enzyme  dissolve,  and  the  glucoside  splits  up  into 
glucose  and  indoxyl,  C^HyNO,  or 

C6H4<p^Qjj^^CH, 

a  substance  which  is  moderately  stable  in  acid  solution,  but  in  dilute 
alkaline  solution  is  quickly  oxidized  to  indigo  by  atmospheric 
oxygeix. 

The  manufacture  of  indigo  from  the  plants  containing  it  is 
carried  out  by  the  method  indicated.  The  leaves  of  the  indigo- 
plant  are  allowed  to  remain  immersed  in  lukewarm  water  for  some 
hours;  the  aqueous  extract  is  "churned"  by  a  revolving  water- 
wheel  with  wooden  paddles,  which  aerates  it,  and  thus  oxidizes  the 
indoxyl  to  indigo.  The  oxidation-process  is  facilitated  by  the 
4iddition  of  slaked  lime  to  make  the  liquid  faintly  alkaline.    The 
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indigo  fonned  sinks  to  the  bottom,  is  removed  by  filtration,  and 
dried.     It  is  put  on  the  market  in  the  form  of  small  cubes. 

In  addition  to  the  blue  dye,  indi^o^'n,  commercial  indigo  con- 
tains indigo-gluten,  indigo-brown,  and  indigo-red;  these  can  be 
extracted  by  water,  alcohol,  and  alkalis,  in  which  indigotin  is  insol- 
uble. The  latter  is  a  dark-blue  powder,  which,  when  rubbed,  has 
a  copper-like  lustre.  It  can  be  sublimed  in  vcumo,  so  that  it  is 
possible  to  determine  its  vapour  density.  It  is  insoluble  in  most 
solvents,  but  can  be  crystallized  from  nitrobenzene  or  aniline.  It 
dissolves  in  fuming  sulphuric  acid,  with  formation  of  sulphonic 
acids. 

On  account  of  the  great  industrial  importance  of  indigo,  many 
attempts  have  been  made  to  synthesize  it.  One  of  these  is  commer- 
cially successful,  enabling  the  artificial  product  to  be  sold  at  the 
same  price  as  natural  indigo.  It  yields  pure  indigotin,  which  is  an 
advantage  in  some  cases. 

This  method  is  employed  by  the  Badische  Anilin-  und  Soda- 
Fabrik  of  Ludwigshafen-on-Rhine.     Anthranilic  acid,  or  o-amino- 

benzoic  acid  (861),  ^9^A<QQQjiy  combines  with  monochloroacetic 

acid  to  form  phenylglycocoll-o-carboxylic  acid: 


n  TT  ^NH!H  +  Cl|ri,C.CO,H  _  p  „  ^NHiH,iC.?CO,IH 
^«^*^COOH  ^•"*^C1Ö  lOH 


Pheojlglycooolt-o-carbozylic  add 

On  fusion  with  caustic  soda»  this  compound  is  transformed  into 

NH 
indoxyl,  CeH4<p,QXT^  ^CH,  which  in  alkaline    solution  is  con- 
verted by  atmospheric  oxidation  into  indigo. 

The  manufacture  of  indigo  by  this  method  has  been  rend- 
ered possible  by  the  discovery  of  a  satisfactory  manufacturing- 
process  for  anthranilic  acid.  This  substance  is  obtained  by  oxidizing 
naphthalene  to  phthalicacid  (826),  which  can  be  converted  into 
anthranilic  acid,  with  intermediate  production  of  phthalimide 
<351). 

On  reduction,  indigo  takes  up  two  hydrogen  atoms,  with  for- 
mation of  indigo-white,  CieHuNjOj,  a  white,  crystalline  substance, 
whose  phenolic  character  is  proved  by  its  solubility  in  alkalis.  In 
alkaline  solution  it  is  speedily  reconverted  into  indigo  by  atmos- 
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pheric  oxidation,  a  reaction  employed  in  dyeing  with  this  substance. 
The  dye  is  first  reduced  to  indigo-white,  and  the  fabric  thoroughly 
soaked  in  an  alkaline  solution  of  this  compoimd;  on  exposure  to 
the  air,  the  indigo-blue  formed  is  fixed  on  the  fibres.  This  process 
is  technically  known  as  "  indigo-vatting." 

The  reduction  of  indigo  to  indigo-white  is  variously  carried  out 
in  the  dyeing-industry  according  to  whether  wool,  silk,  or  cotton 
is  to  be  dyed.  Reduction  is  best  effected  with  a  salt  of  hyposul- 
phurous  acid,  H2S2O4  ("Inorganic  Chemistry,".  83),  for  the  two 
first  named.  The  solution  is  mixed  with  zinc  hyposulphite,  and 
treated  with  excess  of  milk  of  lime,  which  precipitates  zinc  hydrox- 
ide. The  indigo  is  mixed  with  water,  and  warmed  to  about  60® 
with  this  solution  of  calcium  hyposulphite,  a  concentrated  alkaline 
solution  of  indigo-white  being  obtained  in  a  short  time.  On 
adding  sufficient  water  to  this  in  the  dyeing- vat,  the  bath  is  ready 
for  use. 

The  hyposulphite  reduction-process  possesses  the  advantage 
that  the  reduction  stops  at  indigo-white,  so  that  almost  none  of  the 
indigo  is  lost 


ALKALOIDS. 

400.  Plants  of  certain  families  contain  substances,  usually  of 
complex  composition  and  basic  character,  called  alkaloids.  Their 
classification  in  one  group  is  of  old  standing^  and  had  its  origin  in 
an  idea  similar  to  that  which  prevailed  concerning  the  vegetable 
acids  (1)  prior  to  the  determination  of  their  constitution.  Just  as 
the  latter  have  been  subdivided  into  different  classes,  such  as 
monobasic,  polybasic,  aliphatic,  and  aromatic  acids,  so  it  has  become 
apparent  that  the  individual  alkaloids  can  be  arranged  in  very 
different  classes.  Most  of  the  alkaloids  are,  however,  related  to 
pyridine,  quinoline,  or  isoquinoline,  while  a  smaller  number  belong 
to  the  aliphatic  series.  Some  of  the  latter  class  were  described 
along  with  the  compounds  of  similar  chemical  character;  among 
them  are  betaïne  (200),  muscarine  (232),  choline  (162),  caffeine  and 
theobromine  (268).  Only  alkaloids  which  are  derivatives  of  pyrid- 
ine will  be  described  here;  to  these  the  name  alkaloids,  in  its 
more  restricted  sense,  is  applied,  the  other  substances  being  known 
as  vegetable  bases. 

B0PEBTIE8. 

401.  It  is  seldom  that  an  alkaloid  is  present  in  more  than  one- 
family  of  plants;  many  of  these  do  not  contain  them.  Almost  all 
alkaloids  are  present  in  dicotyledonous  plants.  Only  a  few,  such 
as  conitne  and  nicotine,  are  liquids;  most  of  them  are  crystalline. 
Many  are  optically  active  and  laevo-rotatory,  it  being  very  excep- 
tional for  them  to  exhibit  dextro-rotation.  They  have  an  alkaline 
reaction  and  a  bitter  taste;  most  of  them  are  insoluble  in  water, 
more  or  less  soluble  in  ether,  and  readily  soluble  in  alcohol.  Most 
are  insoluble  in  alkalis,  but  dissolve  in  acids,  forming  salts  which, 
are  sometimes  well-defined,  crystalline  substances. 

5U 


PROPERTIES  OF  THE  ALKALOIDS.  S^S 

OüDEMANS  observed  that  the  specific  rotatory  power  (27,  2)  of  ^ 
the  alkaloid  salts  of  strong  acids  in  aqueous  solution  depends  only 
on  the  alkaloid,  and  is  not  influenced  by  the  nature  of  the  acid- 
radicle;  while  for  the  salts  of  weak  acids  it  depends  on  the  nature 
of  both  the  alkaloid  and  the  acid.  This  is  accounted  for  by  the 
theory  of  electrolytic  dissociation:  when  dissolved,  the  salts  of 
strong  acids  are  almost  completely  ionized,  so  that  in  solutions  of 
equimolecular  concentration  there  is  always  the  same  amount  of  the 
optically  active  cation  present;  the  salts  of  weak  acids,  however,  are 
to  a  great  extent  non-ionized,  so  that  they  possess  a  different 
(smaller)  specific  rotatory  power. 

Many  alkaloids  can  be  identified  by  characteristic  colorir-Teao- 
tions.  Some  substances  precipitate  many  of  the  alkaloids  from 
their  aqueous  or  acid  solution;  such  general  alkaloid-reagents  are 
tannin  (845),  phosphomolybdicw  acid,  mercuric  potassium  iodide, 
KIHgIa  ("Inorganic  Chemistry,"  146  and  278),  and  others. 
Some  alkaloids  are  excessively  poisonous. 

Strong  tea  is  sometimes  employed  as  an  antidote,  the  tannin 
present  precipitating  the  alkaloid,  and  rendering  it  innocuous. 

Most  of  the  alkaloids  are  tertiary  amines,  so  that  they  yield  addi- 
tion-products with  methyl  iodide;  none  of  them  possesses  the 
character  of  a  primary  amine.  Many  contain  acid-residues  or 
methoxyl-groups;  the  former  are  split  off  by  saponification,  effected 
by  heating  with  bases  or  acids,  the  latter  by  heating  with  hydriodic 
acid,  which  yields  methyl  iodide.  Hydroxyl-groups  can  be  tested 
for  in  the  ordinary  way  with  acid  chlorides  or  acetic  anhydride  (95 
and  96).  On  dry  distillation,  or  on  heating  with  zinc-dust,  sub- 
stituted pyridines  are  sometimes  formed. 

On  account  of  the  complex  constitution  of  the  alkaloids,  the 
Btructures  of  many  of  them  have  not  hitherto  been  determined, 
so  that  a  rational  classification  is  not  yet  possible. 

402.  In  the  extraction  of  the  alkaloids  front  plants  the  latter  are 
cut  up  into  fine  pieces  and  lixiviated  with  acidified  water  in  a 
conical  vat  tapering  towards  the  bottom,  where  there  is  a  layer 
of  some  material  such  as  glass-wool  or  lint.  The  effect  of  this 
is  that  the  acidified  water  gradually  sinks  through  a  thick  layer  erf 
the  substance  under  extraction,  a  process  technically  known  as 
"percolation."  Dyes,  carbohydrates,  inorganic  salts,  etc.,  are 
dissolved  out  along  with  the  alkaloids.    When  the  alkaloid  is  volar 
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tile  with  steam,  it  can  be  separated  by  this  means  from  the  liquid, 
after  making  the  mixture  alkaline;  when  it  is  comparatively  insol- 
uble, it  can  be  obtained  by  filtration.  Further  purification  is 
always  necessary,  and  is  effected  by  crystallizing  the  free  alkaloid 
or  one  of  its  salts  several  times. 

IHDIVIDÜAL  ALXAL0ID8. 

Coniine,  C«H„N. 

408.  The  synthesis  of  coniine  is  described  in  888.  It  is  present 
in  spotted  hemlock  (Conium  macuUUum),  and  is  a  colourless  liquid 
of  stupefying  odour.  It  boils  at  167**,  is  but  slightly  soluble  in 
water,  and  is  very  poisonous. 

Nicotine,  CjoHmN,. 

404.  Nicotine  is  present  in  combination  with  malic  and  citric 
acids  in  the  leaves  of  the  tobacco-plant  (Nicotiana  tabcuMtn).  It  is 
a  colourless,  oily  liquid,  which  is  laevo-rotatory ,  and  readily  soluble  in 
water.  It  has  a  tobacco-like  odour,  which  is  not  nearly  so  marked 
in  a  freshly-distilled  sample  as  in  one  which  has  stood  for  some 
time.  It  boils  at  246-7°,  and  is  excessively  poisonous.  It  quickly 
turns  brown  on  exposure  to  air.  It  is  a  ditertiary  base ;  on  oxidation . 
with  potassium  permanganate,  it  is  converted  into  nicotinic  acid 
(389),  proving  it  to  be  a  /^-derivative  of  pyridine.  It  is  assumed  to 
contain  a  pyridine-nucleus,  and  a  hydrogenated  p3nrrole-nucleus 
whose  N-atom  is  in  union  with  a  methyl-group. 

Atropine,  Ci7H28NO,. 
406.  Atropine  is  present  in  the  berry  of  the  deadly  nightshade 
{Atropa  belladonna)  and  in  the  thorn-apple,  the  fruit  of  Dalwra 
stramonium.  It  is  crystalline,  melts  at  115-5°,  and  is  very  poison- 
ous. It  exercises  a  "  mydriatic  "  action — that  is,  when  dropped 
in  dilute  solution  on  the  eye,  it  expands  the  pupil;  for  this  reason 
it  is  employed  in  ophthalmic  surgery.  It  is  optically  inactive. 
On  heating  with  hydrochloric  acid  or  caustic  soda  to  120®,  it  takes 
up  water  and  splits  up  into  tropine  and  tropic  acid  : 

CX7H23NO,  +  H,0  =  QH^NO  +  C^ioOs. 

Atropine  Tropine  Tropic  acid 

It  can  be  regenerated  from  these  two  substances  by  the  action 
of  hydrochloric  acid.  Atropine  is,  therefore,  the  tropine  ester 
of    tropic    acid,    which    is    a-phenyl-^-hydroxypropionic    acid, 


HYOSCYAMINE,  COCAINE,  AND  MORPHINE.  Si7 

CH  OH 
CaH6-CH<^Q^jj  •     The  constitution  of  tropine  is  probably  a 

<5arbon  ring  of  seven  atoms  with  a  "  nitrogen-bridge," 

I.        II. 
H2C — CH — CH2 

N.CH3CHOH. 

H3C— CH — CH, 
This  formula  explains  the  formation  of  various  substitution-pro- 
ducts, derivatives  of  tetrahydropyrrole*  or  pyrrolidine  (ring  I),  of 
piperidine  (ring  II),  and  of  heptamethylene  (external  carbon-ring). 

Hyoscyamine,  CiyHa^NOg. 

406.  Hyoscyamine  is  isomeric  with  atropine,  into  which  it  is 
converted  by  the  action  of  alcoholic  potash;  it  can  also  be  split  up 
into  tropine  and  tropic  acid.  The  isomerism  is  probably  stereo- 
chemical. 

Cocaïne,  C.yHjjNO^. 

407.  On  account  of  its  use  as  a  local  anaesthetic,  cocaïne  is  the 
best  known  of  the  alkaloids  present  in  coca-leaves  (Erythroxylon 
coca).  It  is  cr}^stalline,  is  readily  soluble  in  alcohol,  and  melts  at  98°. 
On  heating  with  strong  acids,  a  benzoyl-group  and  a  methyl-group 
are  split  off,  with  formation  of  ecgonine,  CjHigNOj,  so  that  the 
formula  of  cocaïne  may  be  written  C,Hi8N02(OCHj)(COCeH5);  by 
benzoylating  and  methylating  ecgonine,  cocaine  is  regenerated. 
Ecgonine  is  a  carbonyl-derivative  of  tropine. 

Morphine,  CiyHuNOj. 

408.  Morphine  is  the  longest-known  alkaloid;  it  was  obtained 
from  opiiun  in  1806  by  Serturner.  Opium  is  the  dried  juice  of 
the  seed-capsules  of  Papaver  somniferum,  a  variety  of  poppy.  It 
is  a  very  complicated  mixture,  containing  caoutchouc,  fats,  resins, 
gum,  sugar-varieties,  albumins,  mineral  salts,  meconic  acid,  some 
more  organic  acids,  and  other  substances,  together  with  numerous 
alkaloids.  Twenty  of  the  last-named  have  been  identified;  of  these 
morphine  is  present  in  largest  proportion,  and  constitutes  about  10 
per  cent,  of  opium. 

Morphine  is  crystalline,  and  melts  with  decomposition  at  230°; 
•  Of.  footnote,  p.  499. 
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it  is  slightly  soluble  in  water,  without  odour,  and  is  employed  as  an 
anodyne  and  narcotic.  On  distillation  with  zinc-dust,  it  yields 
pyrrole,  pyridine,  quinoline,  and  phenanthrene.  It  is  a  tertiary 
base,  and  also  possesses  a  phenolic  character,  since  it  is  soluble  in 
alkalis. 

Harcotine,  CjjHjjNOy. 

409.  Narcotine  is  present  in  opium  to  the  extent  of  about  6  per 
cent.,  its  percentage  being  next  to  that  of  morphine.  It  is  crystalline, 
melts  at  176°,  and  is  slightly  poisonous.  It  is  a  weak,  tertiary 
base,  its  salts  readily  undergoing  hydrolytic  decomposition.  It 
contains  three  methoxyl-groups,  so  that  its  formula  can  be  written 
C,.Hi,N04(OCH3)8.  Namarcotine  has  the  formula  C^Hi.NO^COH),. 
On  hydrolysis,  narcotine  yields  the  anhydride  of  meconinic  acid, 
or  meconin,  CjoHioO^,  and  cotamine,  Ci^HjjNOj,  which  is  a  deriva- 
tive of  isoquinoline.  Bromine  converts  narcotine  into  dibromo- 
pyridine. 

ttuinine,  C2oH24NA- 

410.  The  bark  of  certain  trees  of  the  Cinchona  and  Remya 
families  contains  a  great  number  of  alkaloids;  of  these  twenty-four 
have  been  isolated,  but  it  is  probable  that  more  are  present.  The 
most  important  of  them  is  quinine,  on  account  of  its  anti-febrile 
effect.  Cinchonine,  CjjHjjNjOj,  is  the  next  best-known;  its  physio- 
logical action  is  similar  to  that  of  quinine,  but  less  pronounced. 

In  addition  to  alkaloids,  these  barks  contain  various  acids,  such 
as  quinic,  quinovic,  and  quinotannic  acids;  indifferent  substances, 
such  as  quinovin,  quina-red.  etc.,  are  also  present. 

Quinine  is  very  slightly  soluble  in  water,  and  is  laevo-rotatory; 
in  the  anhydrous  state  it  melts  at  177°,  and  at  57°  when  it  con- 
tains three  molecules  of  water  of  crystallization.  It  is  a  strong  base, 
and  both  N-atoms  are  tertiary.  It  unites  with  two  equivalents 
of  an  acid.  In  dilute  solution  the  salts  of  quinine  exhibit  a  splendid 
blue  fluorescence,  which  serves  as  a  test  for  the  base. 

The  constitution  of  quinine  has  been  partially  elucidated,  chiefly 
through  the  researches  of  Konigs.  It  seems  to  contain  two  ring- 
systems,  and  to  possess  a  hydroxyl-group  and  a  methoxyl-group, 
so  that  its  formula  may  be  T^Titten 

CH,O.C^5N-€,oHi»(OH)N. 
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In  accordance  with  the  nomenclature  in  896,  the  first  of  these  ring- 
systems  is  5-methoxyquinoline,  a  compound  which  is  obtained 
by  fusing  quinine  with  caustic  potash.  The  second  ring  is  prob- 
ably similar  to  the  one  assumed  to  be  present  in  tropine  (405). 

Strychnine,  CjtHjjNjOj. 

411.  Three  extremely  poisonous  alkaloids,  strychnine,  brucine, 
and  curarine,  are  present  in  the  seeds  of  Strychnoa  nux  vomica,  as 
well  as  in  others  of  the  Strychnoa  family.  Little  is  known  of  the 
chemical  nature  of  curarine,  although  it  has  been  much  studied 
from  a  physiological  standpoint;  when  administered  in  small  doses, 
it  produces  total  paralysis.  Strychnine  and  brucine  cause  death, 
preceded  by  tetanic  spasms — ^that  is,  contraction  of  the  muscles; 
curarine  is,  therefore,  employed  as  an  antidote. 

Strychnine  is  crystalline,  and  melts  at  265^;  it  is  almost  insoluble 
in  water.  It  is  a  monohydric,  tertiary  base,  only  one  of  its  N-atoms 
exhibiting  basic  properties.  On  fusion  with  caustic  potash,  it 
yields  quinoline  and  indole;  and  when  distilled  with  slaked  lime,  it  is 
converted  into  ^-picoline  (388).  Heating  with  zinc-dust  produces 
carbazole  (379)  and  other  substances. 
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412.  This  section  contains  a  short  account  of  the  albumins, 
which  are  compounds  of  great  importance  in  the  animal  and  vege- 
table kingdoms,  but  of  such  complicated  structure  that  their  chem- 
ical investigation  is  a  matter  of  extreme  difficulty.  Their  great 
physiological  importance  is  made  apparent  by  the  fact  that  the  dry 
material  in  animal  bodies — apart  from  the  mineral  constituents  and 
fats — consists  almost  wholly  of  albumins,  by  their  being  an  essential 
<;onstituent  of  each  living  plant-cell,  and  by  their  forming  the  most 
important  part  of  human  and  animal  food.  An  animal  can  exist 
without  fats  and  carbohydrates  for  a  protracted  period,  but  its 
death  is  assured  by  the  withdrawal  of  albumins  from  its  nourish- 
ment. 

The  investigation  of  the  albumins  is  rendered  difficult  not  only 
by  their  complicated  structiu^,  but  also  by  the  fact  that,  with  few 
exceptions,  they  do  not  crystallize,  and  cannot  be  distilled  without 
undergoing  decomposition,  so  that  advantage  cannot  be  taken  of 
these  valuable  aids  in  the  isolation  of  individual  substances.  More- 
over, many  of  the  albumins  change  very  readily  into  other  sub- 
stances, and  the  distinctions  between  the  dififerent  varieties  are 
sometimes  by  no  means  marked. 

The  albumins,  proteids,  and  albuminoids  are  closely  related,  and 
are  classed  together  imder  the  name  proteins.  The  true,  or  native, 
albumins  will  be  first  considered.  Since  they  sometimes  exhibit 
great  differences  in  physical  and  chemical  behaviour,  it  is  necessary 
to  first  state  the  general  properties  characteristic  of  the  albumins. 

They  contain  only  five  elements,  and  do  not  differ  much  from  one 
another  in  composition,  as  the  following  table  shows : 

Carbon 60-55  percent. 

Hydrogen 6-5-7-3      »» 

Nitrogen 15-17-6    >* 

Oxygen 19-24        n 

Sulphur 0-3-2-4      n 

Those  of  one  variety,  called  nucleins,  also  contain  phosphorus. 

sao 
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Both  nitrogen  and  sulphur  are  linked  in  the  albumin  molecule  in 
more  ways  than  one.  A  portion  of  the  nitrogen  is  readily  eliminated 
in  the  form  of  ammonia  by  treatment  with  a  hot/ dilute  solution 
of  caustic  potash,  although  the  greater  part  is  not  removed  by  this 
means.  On  warming  the  albumins  with  caustic  potash,  a  portion 
of  the  sulphur  is  similarly  split  off  in  the  form  of  potassiimi  sul- 
phide, which  can  be  recognized  by  the  formation  of  a  black  precip- 
itate of  lead  sulphide  on  addition  of  lead  acetate;  the  remainder  of 
the  sulphur  can  only  be  detected  by  completely  breaking  up  the 
molecule,  which  is  effected  by  fusion  with  caustic  potash  and  potas- 
siimi  nitrate.  It  follows  that  the  albumin  molecule  must  contain  at 
least  two  atoms  of  sulphur. 

Up  to  the  present  it  has  not  been  possible  to  give  an  empirical 
formula  for  albumin;  attempts  to  determine  the  molecular  weight 
by  the  cryoscopic  method  (14)  lead  to  the  conclusion  that  it  must  be 
very  great,  the  number  obtained  being  about  15,000. 

413.  The  solutions  of  the  albumins  are  all  optically  active  and 
IsBvo-rotatory. 

The  albumini^  are  colloids  ("  Inorganic  Chemistry,".  196) — ^that 
is,  do  not  diffuse  through  parchment-paper.  Advantage  is  often 
taken  of  this  in  separating  them  from  salts  and  other  crystalloids 
(Zoc.  cU,),  Very  few  have  been  obtained  crystalline,  among  them 
serum-albumin;  most  of  them  are  white,  amorphous  powders 
with  no  definite  melting-points.  On  heating,  they  carbonize,  with 
evolution  of  gases. 

Some  albumins  can  be  "  salted  out "  from  their  solutions,  others 
cannot.  This  is  an  important  aid  in  identif3dng  and  separating  the 
different  varieties ;  usually  common  salt  or  magnesium  sidphate  is 
employed.  It  is  remarkable  that  not  only  all  albumins,  but  pro- 
teins in  general  can  be  completely  "salted  out"  from  their  solu- 
tions in  both  neutral  and  acid  liquids  by  saturation  with  ammonium 
sulphate.  The  native  albumins  can  be  fractionally  precipitated 
from  aqueous  solutions  by  gradually  increasing  the  concentration  of 
the  ammonium-sulphate  solution.  The  point  of  concentration  at 
which  a  salt  begins  to  precipitate  an  albumin  is  just  as  charac- 
teristic for  the  latter  as,  for  example,  the  solubility  is  for  a 
crystalline  substance.  When  the  "salting-out'!  is  effected  at 
ordinary  temperatures,  it  causes  no  change  in  thé  properties  of 
the  albumins;  their  solubilities  are  the  same  after  as  before  the 
operation. 
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Addition  of  alcohol  precipitates  the  albumins  imchanged  from 
an  aqueous  solution;  strong  alcohol  coagulates  them,  as  also  does 
heating  with  water.  For  each  native  albumin  there  is  a  definite 
coagulation-point;  in  other  words,  each  albumin  coagulates  at  a 
definite  temperature.  On  coagulation,  the  differences  in  solubility 
between  the  albumins  vanish;  they  are  all  rendered  insoluble  in 
neutral  solvents,  and  can  be  brought  into  solution  again  only  by 
treatment  with  dilute  caustic  alkalis  or  with  mineral  acids.  A  solu- 
tion, which  behaves  exactly  like  those  thus  obtained,  can  be  pre- 
pared by  boiling  imcoagulated  albumins  with  a  large  excess  of 
acetic  acid  or  with  caustic  alkali. 

In  this  process  the  native  and  coagulated  albumins  undergo  a 
change,  which  is  called  denaturation.  When  this  is  effected  with 
alkali,  the  product  is  termed  an  albumincUe  ;  when  an  acid  is  em- 
ployed, a  synUmin  or  acid  albumin.  Both  these  substances  differ 
in  composition  from  the  ordinary  albumins;  since,  as  mentioned  in 
412,  when  thus  treated,  they  split  off  ammonia  and  sulphuretted 
hydrogen.  The  albuminate  and  syntonin  are  quite  insoluble  in  water, 
and  are,  therefore,  precipitated  by  neutralizing  their  solutions. 

414.  Decomposiiion-products. — Prolonged  boiling  with  dilute  al- 
kalis or  mineral  acids  decomposes  the  albumins,  water  being  taken 
up,  and  ammonia,  sulphuretted  hydrogen,  and  a  series  of  amino-acids 
formed.  Since  these  constitute  the  decomposition-products  of  all 
albumins,  it  follows  that  the  latter  only  differ  from  one  another  in 
the  proportions  in  which  these  are  present.  These  amino-acids  are 
tyrosine  (847) — ^which  proves  that  the  albumin  molecule  contains 
benzene-nuclei — leucine,  aspartic  acid,  aminoglularic  or  gluLaminic 
adJ(200);  diamino-acids,  such  as  ornithine  (200),  arginine  (266) 
and  others,  are  also  obtained;  of  all  these  leucine  is  formed  in 
greatest  amoimt.  The  same  amino-acids  are  produced  by  the  action 
of  the  ferment  trypsin,  which  is  present  in  the  pancreatic  gland: 
decomposition  due  to  putrefactive  decay  produces  aromatic  com- 
pounds, such  as  indole,  skatole,  phenylacetic  add,  phenol,  cresd, 
and  so  on,  in  larger  proportion.  It  is  probable  that  the  nitro- 
genous substances  are  the  primary  decomposition-products;  while 
such  substances  as  carbonic  acid,  acetic  acid,  and  its  homo- 
logues  up  to  caproic  acid,  formed  by  an  oxidizing  action,  or  by  the 
action  of  caustic  alkalis  or  of  acids,  on  the  albumins,  are  probably 
produced  by  the  subsequent  decomposition  of  the  amino-acids. 


ALBUMINS.  523 

The  albumins  are  precipitated  from  solution  by  various  sub- 
stanceS;  either  by  coagulation  or  by  the  formation  of  compounds 
insoluble  in  water.  Coagulation  is  effected  by  the  addition  of  min- 
eral acids,  preferably  nitric  acid,  since  an  excess  of  hydrochloric  and 
other  acids  redissolves  the  albumin,  with  formation  of  a  syntonin; 
this  does  not  take  place  with  nitric  acid. 

The  formation  of  compoimds  insoluble  in  water  results  on  addi- 
tion of  salts  of  most  of  the  heavy  metals,  especially  copper  sulphate, 
ferric  chloride,  and  an  acidified  solution  of  mercuric  chloride.  The 
albumins,  therefore,  behave  like  weak  acids,  which  with  the  oxides 
of  these  metals  yield  compounds  of  the  nature  of  salts.  This  acidic 
nature  is  indicated  by  the  fact  that  neutral  solutions  of  albumin 
partly  dissolve  freshly-precipitated  ferric  hydroxide.  The  forma- 
tion of  copper  albuminates  furnishes  a  good  method  of  obtaining 
albumins  free  from  mineral  constituents,  which  are  always  present 
to  a  greater  or  less  extent;  on  addition  of  an  acid  to  these  copper 
compounds,  the  albumin  is  set  free  again  in  the  denatured  state. 

Some  weak  acids  3rield  insoluble  compounds  with  albumin,  which, 
therefore,  behaves  also  like  a  base;  in  this  respect  it  exhibits  com- 
plete analogy  to  its  main  decomposition-products,  the  amino-acids. 
Among  these  weak  acids  are  tannic  add,  picric  acidy  phoaphotungstic 
acid,  and  others.  The  albumins  are  completely  precipitated  from 
solution  by  phosphotungstic  acid,  a  method  employed,  along  with 
those  of  coagulation  by'  boiling,  and  precipitation  with  alcohol,  to 
separate  liquids  from  the  albumin  dissolved  in  them.  The  acidic 
and  basic  properties  of  the  albumins  recall  those  of  the  pseudo-acids 
(281)  and  pseudo-bases  (868);  thus,  in  the  free  state  they  have  a 
neutral  reaction  towards  indicators,  but  the  reaction  remains  neu- 
tral when  strong  acids  and  bases  are  added  (281). 

416.  Various  tests  far  albumins  are  known,  among  which  the 
following  may  be  mentioned. 

1.  MiUon's  reagent,  which  is  a  solution  of  mercuric  nitrate  con- 
taining nitrous  acid,  yields  a  red,  coagulated  mass  on  boiling. 

2.  The  xanihroprotein-^eaction,  which  consists  in  the  formation 
of  a  yellow  colouration  on  treatment  with  warm  nitric  acid. 

3.  The  biuret-reaction,  which  depends  upon  the  formation  of  a 
fine  violet-red  colouration  when  caustic  potash  is  added  to  albu- 
min, and  then  a  dilute  (2  per  cent.)  solution  of  copper  sulphate 
drop  by  drop.  This  reaction  derives  its  name  from  the  fact  that 
biuret,  on  similar  treatment,  gives  this  colouration  (268). 
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The  albumins  can  be  classified  into  the  following  groups. 

1.  Native  or  true  albumins,  which  are  subdivided  into  four 
groups. 

(a)  The  albumins,  including  serum-albumin,  egg-albumin,  milk- 
albumin,  muscle-albumin. 

(b)  Globulins  f  including  serum-globulin  and  vegetable-globulin. 

(c)  Codgulable  albumins,  including  fibrinogen,  myosin,  and  glu- 
ten-proteins. 

(d)  Nudeo-albumins,  including  casein  and  vitellin. 

2.  Decompoütion-products  of  the  true  albumins. 

(a)  Denatured  albumins,  including  acid  albumins  (syntonins) 
and  albuminates. 

(b)  Albumoses  axid  peptones. 

3.  Proteids,  compounds  of  albmnin  with  other,  usually  very 
complicated,  substances. 

(a)  Nudeo-proteids,  compounds  with  nucleic  acid. 

(b)  H(B7ru)glchins. 

(c)  Gluco-proteids,  compoimds  with  carbohydrates  (mucins). 

4.  Albuminoids. 

Some  particulars  may  be  given  regarding  the  various  classes 
named. 

The  albumins  are  the  best  known  and  most  readily  obtwied  of 
the  albuminous  bodies;  all  of  them  form  well-defined  crystals, 
and  are  therefore  among  the  few  substances  of  the  class  which  are 
known  to  be  individual  chemical  compounds.  They  dissolve  in 
water,  and  in  dilute  acids,  alkalis,  and  salt-solutions. 

Their  neutral  solutions  cannot  be  salted  out  with  sodium  chloride, 
magnesium  sulphate,  or  a  semi-saturated  solution  of  ammonium 
sulphate — a  method  of  separating  them  from  the  globulins,  which 
always  occurs  along  with  them. 

The  globulins  are  further  distinguished  from  the  albumins  by 
being  insoluble  in  water,  although  they  dissolve  in  dilute,  neu- 
tral salt-solutions,  and  in  solutions  of  alkali-carbonates.  At  30^' 
they  can  be  completely  salted  out  by  magnesium  sulphate,  and  partly 
by  sodium  chloride.    They  have  not  been  obtained  crjrstalline. 

Coagulable  albumins  have  the  property  of  assuming  the  glareous 
state,  intermediate  between  solution  and  coagulation.  In  this  con- 
dition they  are  insoluble  in  water  and  salt-solutions,  but  can  b& 
made  to  coagulate  under  the  influence  of  heat,  strong  alcohol,  etc. 
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The  nvdeo-aJbumins  contain  phosphorus,  and  for  this  reason 
were  formerly  classed  with  the  nucleo-proteïds  (416).  They  are 
sharply  distinguished  from  them,  however,  by  yielding  xanthine 
bases  among  their  decomposition-products.  The  nucleo-albiunins 
have  a  distinctly  acidic  character;  all  of  them  turn  blue  litmus  red, 
and  in  the  free  state  are  only  slightly  soluble  in  water,  though  readily 
soluble  in  the  form  of  their  alkali-salts  or  ammonium  salts.  The 
solutions  of  their  salts  do  not  coagulate,  and  can  be  boiled  without 
undergoing  any  change. 

Denatured  albumin  was  referred  to  in  413. 

AWumoses  and  peptones  can  be  obtained  from  all  proteins  by 
suitable  hydrolysis.  They  have  the  albimiin  character,  being  insol- 
uble in  alcohol,  and  answering  to  the  xanthoproteïn-test  and  biuret-» 
test  (415,  2  and  3).  They  result  from  the  action  of  gastric  juice 
on  proteins.  They  are  to  be  looked  upon  as  intermediate  products 
in  the  hydrolysis  of  albumins,  the  albumoses  being  nearer  the  pro- 
teins, and  the  peptones  nearer  the  amino-acids. 

The  albumoses  are  the  soluble  decomposition-products  of  albu- 
min; they  cannot  be  coagulated,  but  can  be  salted  out  by  salts  such 
as  ammonium  sulphate. 

The  peptones  are  the  final,  simplest  decomposition-products  of 
the  native  albumins;  their  colour-reactions  (especially  the  biuret- 
reaction),  their  constitution,  and  their  physiological  behaviour 
indicate  that  they  should  be  classed  with  the  albumins,  but  they 
cannot  undergo  further  decomposition  without  being  converted  into 
substances  of  wholly  different  character,  the  amino-acids. 

416.  Nearly  related  to  the  true  albumins  are  the  proteïds,  com- 
poimds  of  albimiin  with  other  substances,  usually  of  a  very  com- 
plex nature.  Like  the  true  albumins,  they  are  insoluble  in  alcohol, 
by  which  most  of  them  are  coagulated. 

Nucleo-proteïds  derive  their  name  from  the  fact  that  they  are 
the  principal  constituent  of  the  cell-nuclei.  They  are  compounds 
of  albumins  with  nucle'ins — that  is,  compounds  of  albumin  with 
phosphoric  acid  or  a  nudeic  add,  A  nucleic  acid  is  phosphoric  acid 
which  is  partially  saturated  by  union  with  basic  substances,  such 
as  hypoxan thine,  guanine,  xanthine,  etc.,  and  is  to  be  looked  upon 
as  an  amide.  The  composition  of  the  nuclems  differs  considerably 
from  that  of  the  true  albumins;  they  contain  about  41  per  cent,  of 
carbon,  31  per  cent,  of  oxygen,  and  5  •  7  per  cent,  of  phosphorus. 
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The  nucleins  have  a  markedly  acidic  character;  they  are  insol« 
uble  in  water  and  dilute  acids,  but  soluble  in  caustic  alkalis.  They 
answer  to  the  same  colour-tests  as  the  albumins. 

There  is  not  much  difference  in  composition  between  the  nucleo- 
proteids  and  the  true  albumins,  this  being  due  to  the  small  amount 
of  nuclein-substance  present  in  the  former.  They  contain  phos- 
phorus, which  is  present  in  the  nucleïn,  and  are  more  acidic  than 
the  albumins,  having  the  character  of  a  dibasic  acid. 

Hcemoglcbina  are  compoimds  of  albumins  with  dyes  containing 
iron,  haemoglobin  being  the  dye  of  red  blood-corpuscles.  It  splits 
up  into  albumin  and  hcematin,  and  unites  very  readily  with  oxygen, 
forming  ozyhcemoglobin,  from  which  the  oxygen  is  eliminated  by 
,  placing  it  in  a  vacuum  or  treating  it  with  reducing-agents.  For 
this  reason,  haemoglobin  plays  an  important  part  in  respiration.  It 
unites  with  carbon  monoxide  to  form  carbanyUuBmoglobin,  which  is 
unable  to  combine  with  oxygen;  on  this  depends  the  poisonous 
action  of  carbon  monoxide. 

On  treatment  with  acetic  acid  and  sodimn  chloride,  oxyhaemo- 
globin  yields  the  hydrochloride  of  hcematin,  called  hoemin,  which 
crystallizes  in  characteristic,  microscopic  needles  of  a  brown-red 
colour.    This  reaction  furnishes  a  delicate  test  for  blood. 

Gluca-proteids  are  compounds  of  albumins  and  carbohydrates. 
To  them  belong  the  mucins;  these,  like  the  nucleo-albumins,  are 
acidic  in  character  and  insoluble  in  water,  but  soluble  in  a  small 
quantity  of  lime-water  or  alkali  solution.  The  solution  thus  obtained 
is  neutral,  has  a  glutinous  appearance,  and  is  not  coagulated  by 
boiling.  Unlike  those  of  the  true  albumins,  these  solutions  are 
not  precipitated  by  nitric  acid.  When  boiled  with  acids  or  caustic 
alkalis,  they  yield  either  syntonins  or  peptones,  together  with  car- 
bohydrates. The  presence  of  the  nitrogen-free  carbohydrates 
makes  the  percentage-amount  of  nitrogen  in  the  mucins  considerably 
less  than  in  the  true  albmnins;  its  value  lies  between  11-7  and  12-3 
per  cent. 

417.  The  albuminoids  differ  somewhat  more  in  composition 
from  the  true  albumins.  They  exist  only  in  the  animal  economy  in 
the  undissolved  state,  being  the  organic  constituent  of  the  skeleton 
and  the  epidermis. 

They  include  various  substances,  among  them  being  cemUn, 
elastin,  and  collagen. 
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Ceratin  is  the  principal  constituent  of  the  epidermis,  hair,  nails, 
hoofs,  and  feathers.  It  is  particularly  rich  in  sulphur,  of  which  it 
contains  between  four  and  five  per  cent.,  a  portion  being  readily 
removed  by  treatment  with  boiling  water.  It  can  be  dissolved  only 
by  boiling  with  caustic  alkalis,  or  by  the  action  of  high-pressure 
steam.  Its  decomposition-products  resemble  those  of  the  true 
albumins.  With  nitric  acid  it  gives  the  xanthoprotein-reaction; 
this  is  the  origin  of  the  yellow  colour  developed  when  nitric  acid 
comes  into  contact  with  the  skin. 

Elastin  constitutes  the  elastic  fibres  present  in  tissue,  which  in 
some  parts  of  the  body  are  united  in  the  form  of  ligaments.  On 
warming  with  dilute  caustic  potash,  all  the  sulphur  in  it  is  eliminated, 
which  distinguishes  it  from  other  albumins.  The  decomposition- 
products  obtained  by  boiling  it  with  concentrated  caustic  potash 
have  the  same  qualitative  composition  as  those  obtained  from  the 
true  albumins.  It  is  quite  insoluble  in  dilute  acids  and  caustic 
alkalis. 

The  ooUagens  are  the  most  widely  distributed  of  the  albuminoids. 
They  are  among  the  constituents  of  cartilage.  In  some  respects  they 
differ  from  the  true  albumins.  They  have  a  higher  percentage  of 
nitrogen  (17-9  per  cent.).  They  do  not  contain  aromatic  nuclei, 
so  that  tyrosine  is  not  formed  by  their  hydrolytic  decomposition. 
Another  decomposition-product,  glycocoll,  is  produced,  which  is  not 
obtained  from  the  albumins;  at  the  same  time  leucine,  aspartic 
acid,  and  glutaminic  acid  are  formed.  The  coUagens  are  further 
distinguished  by  not  possessing  sulphur  so  readily  split  off  as  that  in 
the  albumins. 

When  boiled  with  water,  the  collagens  take  it  up,  forming  gliUin 
or  glue.  A  solution  of  glue  is  not  precipitated  by  nitric  acid,  or  other 
mineral  acids,  but  is  by  mercuric-chloride  solution  in  presence  of 
hydrochloric  acid.     It  is  also  precipitated  by  tannin. 

418.  In  the  inferior  orders  of  animal  life  a  series  of  substances 
has  been  discovered  whose  chemical  properties  approximate  more 
or  less  closely  to  those  of  the  collagens  and  also  of  elastin.  Among 
them  is  epongin,  the  principal  constituent  of  sponges,  which  is  much 
more  stable  towards  caustic  soda  and  barjrta-water  than  collagen. 
On  complete  hydrolysis  by  boiling  with  dilute  sulphuric  acid,  it 
jrields  leucine  and  glycocoll,  but  no  tyrosine,  proving  it  to  be  a 
collagen. 
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On  prolonged  boiling,  silk  splits  up  into  fibroin,  which  is  not 
decomposed  by  water  even  at  200°,  and  seridn,  or  silk-glue,  which 
is  perhaps  a  mixture  of  glue  and  albumins.  Fibroin  dissolves  very 
readily  in  strong  acids,  ammonia  being  simultaneously  spUt  ofif, 
and  sericoin  formed.  On  complete  hydrolysis,  fibroin  yields  tyros- 
ine and  glycocoll,  but  no  leucine. 

Lastly,  come'in  may  be  mentioned;  it  is  the  organic  constituent 
of  coral.  On  hydrolysis,  it  splits  up  into  leucine  and  an  aromatic 
substance  of  unknown  composition. 
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The  principal  references  are  in  old-style  6gure8. 


Abel,  Sir  Frederick,  40 
Absolute  alcohol,  55. 

Test  for,  56. 
Acetaldehyde,  66,  127,  129,  133-138. 
146,  158,  168.  173,  180,  185,  220, 
221,  224,  243,  291,  397,  462,  492. 
-ammonia,  133,  491,  492. 
AcetaU,  133,  177,  251 
Acetamide,  122,  123. 

Mercury,  123. 
Aretaminohvdrazobenzcne,  p-,  378. 
AcetamUde,*369,  372,  439. 

\'docity  of  formation  of,  369. 
Acetate,  Aluminium,  417. 
Ammonium,  498 
Barium,  164. 
Calcium,  127,  140,  390. 
Ethyl,  103,  251,  292,  296. 
Potassium.  198,  299. 
Sodium,  406. 
Acetates.  107,  108. 

Tests  for,  108 
Acetic  acid,  53,  58,  91,  104,  106-108, 
139,  153,  164,  180,  192,  212,  218, 
249,  251.  257,  291-293.  296,  369, 
376,  522. 
Ortho-,  107. 
anhydride,  115,  134,391,406. 
•  Aceto-acetaldehyde,  350. 
-acetic  acid,  223,  291, 
ester,  291-294,    295-300,   491,   492, 
503,  504. 
copper  salt,  304. 
synthesis,  293,  294. 
Acetone,  53,  58,  59,  127,  130,  139,  ï4o, 
146,  147.  153.  158,  169,  173,  178, 
180,  251,  292,  302.  303,  324,  350. 
^carboxylie  acid,  296,  297. 


Acetonitrile,  98. 
Acetonuria,  140. 
Acetonylacetone,  251,  294,  500. 
Acetophenone,  390,  405. 
Acetothiënonc.      See    a-thienylmethyU 

ketone. 
Acetoxime,  140. 
Acetylacetone,  250,  251,  299. 

aluminium  salt,  251. 

copper  salt,  251. 
Acetyl-aminomesitylene,  444. 

chloride,   114,    250,   291,  298,   315, 
390,  501 

-cnmaric  acid,  437. 

-dibenzoylmethane,  302. 

-mesidine.  4io. 

-phenetidine.     See  'phcnacetin. 

-o-toluidine,  371 
Acetylene,  22.  151-153,  154,  I5S,  166, 
169.  175,  180,  309,  350. 

bromide.  158 

Calcium,  154 

Copper,  152.  154. 

Silver,  152,  207. 

-dicarboxvlic  acid,  206, 207. 
Acid  anhydrides,  115,  121.  134,  338. 

azides.  124,  324. 

chlorides,   114,   nS,   116,   121,   128, 
317. 

decomposition.  292-294. 

hydrazides,  124,  324. 
Acids,  J«^,  213. 

J^y,  224. 

J7«,  224. 

Aldehydic,  290. 

Amic,  192. 

Amino-,  242-247. 
a-,  243. 
^-,  244. 
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Acids,  Amino-, ;'-,  244. 
-benzoic,  439,  440. 
Aromatic  dihydroxy-,  434. 

monohydroxy-,  430-433. 

trihydroxy-,  43*1,  435. 

SBromo-,  225. 
iloroacetic,  213. 
CnH^Oj.    See  ffJiy  acidê. 
Diamino-,  247. 
Dibasic,  419-423. 

hydroxy-,  225-241. 
Fatty,  99,  101-113,  127,  128,  162. 
Halogen  benzoic,  426. 

-substituted,  21 1-2 16,  242. 

siilphonic,  424. 
Heptonic,  261,  265. 
Hexonic,  255,  263,  264,  267. 
a-Hydroxy-,  217,  218. 
fi-HydToxy-,  218. 
T'-Hydroxy-,  219,  223-225. 
^-Hydroxy-,  219. 
Ketonic,  243,  290-297. 
Monobasic  hydroxy-,  216-223. 

unsaturat'èd,  161-167. 
Nitrobenzoïc,  430. 
Pentonic,  255. 
Phenolsulphonic,  424. 
Phthalic,  387. 
Polybasic,  188-210, 419-423. 

hydroxy-,  241,  242. 
Pseudo-,  367. 
Pyridine-dicarboxylic,  49'1,  495. 

-monocarboxylic,  491,  493,  494. 
Qiiinolinecarboxvlic  acids,  508. 
Saturated  dibasic,  188-201 
Strength  of,  113 
Substituted,  211-247. 
Sulphobenzoic,  425. 
Tannic.     See  tannins. 
Tartaric,  226-241. 
Tetrabasic,  209,  210. 
Tribasic,  208,  209. 
Toluic,  387. 
Unsaturated,  406. 

a^-,  218 

Pr->  218. 

dibasic,  201-207 
with  two  double  bonds,  167. 
Xylic,  387. 
Acid-ureides,  328. 
Aconitic  acid.  209 

Acrolein.  159, 168.  i8i,260,491,503,605. 
-acetal,  169,  260. 
-ammonia,  168,  491. 
^•aniline.  50.5. 
Acrose,  261,  267. 
Acrylic  acid,  159,  161,  162,  168,  213, 

223,  244. 


"Active"  oxygen,  390, 482. 
Adipate,  Calcium,  341,  342. 
Adipic  acid,  189,  478. 
Affinity,  149. 
Air-condenser,  24. 
Alanine,  243,  246. 

nitrile,  243. 
Adipic  acid,  478. 
Albumin,  363,  510. 

Egg-,  524. 

MSSt-.  524. 

Muscle-,  524. 

Molecular  weight  of,  521. 

Serum-,  521,  524. 
Albuminate,  522,  524. 
Albuminates,  Copper,  523. 
Albumins,  242,  246,  247, 281, 319,  435» 
436,  491,  520-526. 

Acid.    See  syntonin. 

Coagulable,  524. 

Denatured,  523,  524. 

Denaturation  of,  522. 

Native  or  true,  520,  524,  526,  627. 

Nucleo-,  524,  525,  526. 

Salts  of  nucleo-.  525. 

Tests  for,  523.  ' 
Albuminoids,  520,  524,  526. 
Albumoses,  f.24,  525. 
Alcoholates.     See  alkooridea,  metallic. 
Alcohol,  Denaturation  of,  57. 

duty,  57. 

Specific  gravity  of  solutions  of,  56. 

volume-percentage  of,  56. 
Alcoholic  potash,  141. 
Alcohols,  Aromatic,  360,  363. 

C»H^^,.OH,  49-^,  141,178 

Constitution  of,  49-51,  73, 

Dihydric     See  glycols. 

Hexahydric,  183,  184. 

Isomerism  of,  51.  52. 

Nomenclature  of,  51,  52. 

Pentahydric,  183,  184. 

Physical  properties  of,  52. 

Polyhydnc,  176-184 

Primary.  52,  58,  59.  102,  125. 

Secondary.  52,  58,  59,  126,  130. 

Tertiary.  52,  60,  116,  117,  130,  141, 
358,  361.  _ 

Tetrahydric,  183 

Trihvdric,  179-183. 

Unsaturated,  158-160.  405. 
Aldehyde  acid  sulphites,  129,  168. 

alcohols,  254-289. 

-resin.  135,  136. 
Aldehydes,  125-138, 151, 153, 174, 176, 
217,  323,  388-390. 

Tests  for,  136,  137. 

Unsaturated,  168,  169. 
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Aldehydic  acids,  290. 
Aldimes,  380. 
Aldo-Gompounds,  301. 
Aldohexoses,  255,  257. 
Aldol,  135,  136,  168,  223. 

condensation,  136, 260,  261. 
Aldopentoses,  270. 
Aldoses,  254,  255,  267. 
Aldoximes,  130,  131,  391-393. 
Aliphatic  compounds,  35. 
Alijsarin,  483-485. 

diacet.at«,  484. 
Alkaloid-reagents,  General,  515. 
Alkaloids,  343,  5x4-519. 

Antidote  for^  515. 

Extraction  from  plants  of,  515,  516. 
Alkides,  Metallic.  95. 
Alkoxides,  MetaUic,  49,  66,  101,  312, 

316,  317,  319,  366. 
Alkyl-amines,  81-88,  131. 

groups,  39. 

Balides,  68-71, 95, 141, 143, 157, 312. 

-hydrazines,  86,  87. 

magnesium  halides,  96, 116, 130, 307. 

nitntes,  88,  89. 

-nitrolic  acids,  90,  91. 

-phosphine  oxides,  92,  93. 

-phos{)hinic  acids,  93. 

-sulpninic  acids,  80. 

-sulphonic  acids,  79,  80,  314. 

-sulphonic  chlorides,  80. 
Alkylenes.     See  olefinea. 
Allan  tome,  329,  330. 
Allene,  155. 
AUocinnamic  acid,  406. 
Alloxan,  328,  329,  332. 
Alloxantine,  329,  330. 
Allyl  alcohol,  157,  158.  159,  160,  168, 
176,  179,  180,  181,  185. 

-aniline,  505. 

bromide,  158,  175,  176. 

chloride,  157,  158. 

iodide,  155,  158,  160,  161,  163,  181. 

isothiocyanate,  314. 

-pyridine,  a-,  492. 

sulphide,  160. 

thiocyanate,  314. 
Allvlene,  151,  153,  155. 
Almonds,  Bitter,  309,  310. 
Aluminium  chloride,  352. 
Amber,  194. 
Amic  acids,  192. 
Amides,  121-123,  312,  323. 
Amidines,  123. 
Amido-chlorides,  123. 
"Amidol,"  430. 
Amidoximes,  124. 
Amines,  Alkyl-,  81-88,  324. 


Amines,  Action  of  nitrous  acid  on,  84. 

85. 
Complex  salts  of,  81. 
Isomerism  of,  82. 
Nomenclature  of,  82. 
Primary,  82,  85,  89,  99,  100,  123, 

312-314,  316,  321,  324,  325. 
Secondary,  82,  84,  85,  99,  321. 
Separation  of,  83,  85. 
Tertiary,  82,  83,  84,  85,  99. 
Test  for  primarv,  99. 
Aromatic,  361,  368-376,  395. 
Primary,  369-371. 
Secondary,  371,  372. 
Tertiary,  372-374. 
Gabriel's  synthesis  of  primary,  421, 

422. 
Amino-acetal,  289. 
-acetaldehyde,  289. 
-acid  esters,  244. 
-acids,  242-247. 

a-,  243. 

^-,244. 

7-,  244. 
-aldehydes,  289. 
-azo-benzene,  401,  402,  415,  4 16, 418, 

419. 

-compounds,  401, 402. 
-Üarbituric  acid,  330. 
-bcnzenesulphonic     acid,     p-.      See 

svlphanihc  acid. 
-benzoic   acid,    o-.     See   anthranilic 

acid. 
-benzoyl formic  acid,  o-,  509. 
-butyric  acid,  y-,  244. 
-cinnamaldehyde,  o-,  506. 
-cinnamic  acid,  0-,  508. 
-compounds,  Poly-,  415-419. 
-glutaric  acid,  a-,  246,  522,  527. 
-guanidine,  327. 
-ketones,  289. 
-mandelic  acid,  a-,  510. 
-naphthalene,  443,  444,  474. 
-naphthol(l:2),  476. 
-nitromesitylene,  444. 
-nonoic  acicl  (9),  166. 
-phenol,  o-,  429. 

p-,  379,  412,  427,  430. 
-phenyl-hydroxy lamine,  p-,  413. 

-p-acetaminophen>lamine,  p-,  378. 
-propionic  acid,  ^-,  244. 
-thiophen.     See  thiophenine. 
Ammonium  bases,  Quaternary-,  82, 374, 

375. 
Amygdalin,  310,  389. 
n-Amyl  alcohol,  Primary,  51,  52,  60. 

bromide.  Primary,  70. 

chloride.  Primary,  70. 
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n-Arayl  iodide,  Primary,  70. 
Amyl  alcohols,  54,  353. 

-benzene,  353 

nitrite,  249,  305. 

-sulphate,  Barium,  72 

-sulphuric  acid,  145. 
n-Amylene,  142,  143 
Amvlenea,  144,  145,  147 
AmVloid.  287.  288 
Anesthetics.  171,  172.  517. 
Analysis,  Qualitative,  3-5 

Quantitative,  5-12. 
Angelic  acid,  161. 

Anhydrides,  Acid.  115.  121,  134,  338. 
Anhydro-bases,  429. 
Anillde,  Potassium.  371. 
Anilides.  369. 

Aniline,  256,  264.  288,  366.  368.  369. 
370,  371-373.  37.5-377,  379-383, 
386.  401-403,  412.  415,  419,  425, 

439,  465,  466.  505. 
-blue,  466 
dichloroacetate,  402. 

dyes.  53.  263,  351.  365,  414. 

Elect  ro-reduction,  of,  370. 

hvdrochloride    371-373,    395,    401, 
'402 

nitrate,  395 

Tests  for,  370. 

trichloroacetate,  402. 

-yellow,  418 
Anions,  112 
Anisanilide.  393,  394. 
Anijiole,  364 

-diazonium  cyanide,  400. 

-sulphonic  acid.  397, 
Anisylphenyl-ketone,  392. 

-k«toxime,  393 
Anschutz  479 
Anthracene,  470,  478-485. 

oil,  352.  479.  485 
Anthranihc  ncid,  430,    .32,    133,   439, 

440,  44<%.  512. 
Anthranol.  483. 

Ant hraqui none,  480-485. 

-monosulphonate,  Sodium,  484. 
Antil'ebrine.     Sec  ac^tximlidc. 
Antimony-pent|imethyl,  94 
Antipyrine,  503,  504 
Antiseptics,  174,  362,  424,  451. 
Arahinose,  259.  262,  263,  268,  270-272, 

282 
Arabitol,  183,  184,  259,  262.  ' 

Arabonic  acid,  262 
Arginine,  327,  522 
Argol,  231. 
Armstrong,  346. 
Aromatic  alcohols,  360,  363. 


Aromatic  amines,  361 .  368-376,  395. 

compounds,  35,  338. 
Arsenonenzene,  381,  382. 
Arsines,  93. 

Arsinobenzene,  381,  382. 
Arsonium  bases.  Quateman*-,  93. 
Artificial  camphor,  453. 

musk,  415. 
"Aseptol,"  424. 
Aspara^ine,  246,  282. 
Aspartic  acid,  246,  522,  527. 
Asymmetric  nitrogen  atom,  374,  375. 

carbon  atom,  63,  65. 

tin  atom,  95 
Atropa  belladonna,  516. 
Atropine,  516,  517. 
Airw'ERS,  450. 
AvoGADRo's  hypothesis  or  law,  13,  16, 

17. 
Azelaic  acid.  165,  189 
Azides,  Acid,  124,  324. 
Azo-benzene,  377,  380-382,  416. 

-<lyes,  416-419 
Azoxybenzene.  376,  377,  379,  380. 
Azulminic  acid,  309 

B 

Bacillus  acidi  Iwvolactici,  240. 

Bacteria,  279 

Badische  Anilin-  und  Soda-Fabrik, 

512. 
VON  Baeyer,  142,  150,  199.  207.  261, 

306,  341,  346,  390,  410,  458,  506, 

509. 
VON  Baeyer 's  reagent.  142,  344.  355, 

406,  486,  498. 

synthesis  of  diba.sic  acids,  207. 

tension  theory,  150.  199,  341,  342. 
Balsam  of  Peru.  384. 

Tolu,  343,  381. 
Bari^itiiric  acid,  330 
Bases,  Vegetable,  514. 
Baumann  and  Schotten's  bemsoyla- 

tion  method,  386. 
VON  Baumhauer,  56. 
Beckmann    transformation,  132,  166, 

313,  393. 
Beer,  55 

Behenolic  acid,  216. 
Benzal-aniline,  300. 

chloride,  388,  406,  408,  463. 
Benzaldehyde,  310,  363,  374,  379,  383, 

385,  388-390,  405,  406,  408,  463, 

468. 
Benzaldime  hydrochloride,  389. 
Benzaldoxime,  Anti-,  391-393. 
Syn-,  391-393. 
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Benzamide,  384,  386,  387. 

Silver,  386. 
Benzanilide,  386. 
Benzaniside,  394. 

J3enzene,  22,   153,  338,  339,  349-351, 
352-355,  358,  361,  362,  381,  382, 
384,  38&-391,  403,  414,  415,  419, 
461-463,  481,  499,  500,  502. 
Centric  formula  for,  346. 
Constitution  of,  343-348. 
-diazo-hydroxide.  Synr^  400,  401 . 
-diazonium  chloride,   395,  396-399, 
401-403,  417,  418,  502. 
hydroxide,  379,  396,  400,  401. 
nitrate,  395. 
sulphate,  397,  398. 
sulphonic  acid,  418,  425. 
•disubstitution-products,  344. 
disulphonic  acid,  m-,  408,  424. 

p-,408. 
Equivalence  of  six  hydrogen  atoms 

of,  345,  432.  433. 
hexa-bromide,  409. 

-chloride,  409. 
monosubstitution-products,  344. 
-nucleus,  338,  348. 
-ring.     See  hemene-nucleits. 
-sulphonate.  Potassium,  361. 

Sodium,  383. 
-sulphonic  acid.  349»  397. 
chloride.  363'. 
Benzhvdrol,  390. 
Benzidine,  377.  461,  475. 
sulphate,  377. 
-transformation,  377,  462. 
Benzil,  468,  469. 
-dioxime,  Amphi-,  468. 
Anti',  468 
Syn^y  468. 
Benzilic  acid,  469. 
Benzine,  39. 

Benzoate,  Calcium,  343,  353,  390. 
Ethyl.  380 
Potassium,  389. 
Sodium,  384. 
Benzoic  acid,  245.  343,  359,  360,  363, 
383,  384   385-387,  390,  405,  408. 
426.  432,  461,  466.  482. 
Solubility  curve  of,  385. 
Rnhydride,*386. 
iminoether,  386. 
Benzoin,  468. 

Benzo-nitrile.  375.  383.  387.  391,  398. 
-phenonc.  374.  390,  391,  462 
-purpurins.      See  dyes,   benzojnirpu- 

rin. 
-quinone.  409,  412.  413,  414,  425, 
426,  447,  464,  476. 


Benzo-quinone  dioxime,  412. 
monoxime,  412,  427. 

-trichloride,  383,  408. 
Benzoyl-benzoic  acid,  o-,  481. 

chloride,  366,  384-386,  390,  391. 

hydrogen  peroxide,  390. 
Benzpinacone,  390. 
Benzyl  alcohol,  360,  363,  383,  388,  389. 

-amine,  366,  375. 

bromide.  359. 

chloride,  358-360, 363, 366,  375,  387, 
408,  462,  407. 

cyanide,  387. 

iodide,  360,  366. 

-phenylallylmethylammonium      hy-  ' 
droxide,  374. 
•Benzylidenephenylhydroxylamine,379. 
Berthelot,  2,  30,  36,  117,  261. 
Berthelot's  law,  30. 

synthesis  of  methane,  36. 
Berzelius,  1,  2. 
Betaine,  245,  24Ö,  514. 
Beyerinck,  281. 

Bimolecular  reactions,  83,  120,  321. 
Bismuthines,  Tertiary',  94. 
Bio<es.     See  dioses, 
BioT,  61 
Bismarck-brown.       See     (riaminoazo- 

benzene. 
Bitter  principles,  343. 
Biuret,  322,  523. 

-reaction,  523,  525. 
Blasting  gelatine,  183- 
Blood,  Ter^t  for,  526. 

BÖESEKEN,  .391. 

Boiling-point  apparatus.McCoY '8,20,21 . 
Determination  of,  33 
Raising  of,  16,  17,  20,  21. 

BONDT,  176, 

Borneo  camphor.     See  bomeoL 

Borneo!,  452.  454,  455,  458 

Bomyl  chloride,  455. 

Boyle's  law^,  16. 

Branched  carbon  chains,  46, 

Brandy,  55 

Bra.ssidic  acid,  165,  216, 

Brassylic  acid,  189. 

Bredt,  459,  460. 

Bromlauge,  99  323. 

Bromo-acetvlidene.  158. 

-acids,  7-,  225. 

-amides,  312,  313 

-anthraquinone,  481. 

-benzenesul  phonic  acids,  424,  441. 

-benzoic  acid,  w-,  432. 
o>,  430. 

-benzyl  bromide,  o-,  480. 

-ethylamine,  422. 
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Bromo-fumaric  acid,  206. 

-isobutyric  acid,  163. 

-maleic  acid,  206. 
anh^rdride,  206. 

-malonic  acid,  225. 

-naphthalene,  a-,  473. 

-nitrobenzoic  acids,  432. 

-phenanthrene,  4^6. 

-phthalic  anhydride.  481. 

-propionic  acid,  a-,'222. 
isobutyl  ester,  223. 

-propylene^  5-,  168. 

-valeric  acia,  j^,  213. 
Bromoform,  173. 
Brucine,  519. 
BRfTHL,  301. 

Bruyn,  Lobrt  de,  6Ö,  268. 
BucHNER,  Eduard,  280. 
BuNBEN,  93,  323. 
Butane,  38.  39,  ^,  47. 

-hexacarDOxylic  acid,  oiafiio/-,  209, 
210. 

-tetracarboxylic    acid,    (na^o/-,  209, 
210. 

BUTLEROW,  147. 

Butter,  108,  109. 
"Butter  of  antimony,"  343. 
Butyl,  39. 
-acetoacetic  ester,  294. 
-acetylene,  151. 
alcohol /Iso-,  51,  59. 

Normal  primary,  51,  52,  59. 
secondary,  51,  59. 
n-Butvl-amine,  86. 

chloride,  Primar>',  70. 
bromide.  Primary,  70. 
iodide,  Primaij',  70. 

Secondary,  183. 
-methylacetic  acid.    Seeme^2^^•n- 
hulylaceiic  acid. 
n-Butylene,  14a,  143,  212. 
Butyramide,  123. 
Butyrate,  Ethyl,  116,  198 
Butvrates,  Calcium,  109. 
ButjrTic  acids,  108,  109 

acid,  Normal,  104,  108,  135,  257. 
Butyrolactone,  219,  224. 

C. 
Cacodyl,  93. 
chloride,  93. 
oxide,  93,  108. 
Cadaverine        See  pentamethylenedior 

mine 
Caffeine,  331,  332-334,  514. 
Calcium  carbide.       See  acetylene,  cal- 

cium. 
Calico-printing,  108 


Gamphanic  add,  455, 459.  - 
Camphene,  454,  45S. 

hydrochloride,  454. 
Campholenic  acid,  455. 

nitrile,  455. 
Camphor,  452-454, 45s,  458-460. 

Artificial,  453. 

oxime,  455. 

-flulphonic  acid,  d-,  375. 
Camphoric  acid,  455,  459. 
Camphoronic  acid,  455, 459. 
Camphors,  354,  452.  453, 455-460. 
CaniUes,  "Stearine,^'  110. 
Cane-sugar.    See  sturate. 

Estimation  of,  277. 

Manufacture  of,  276. 
Caoutchouc,  155. 
Capric  acid,  104,  139,  164,  293. 
Caproic  acid,  104,  108,  522. 
Caprylic  acid,  1(V4. 
Caramel,  274. 
Carbamate,  Anmionium,  323. 

Calcium,  324. 
Carbamic  acid,  323,  324. 

chloride,  384. 
Carbamide.    See  urea. 
Carbazole,  479,  519. 
Carbinol,  51. 

Diethyl,  51,  60. 

Dimethylethyl,  51,  60. 

Isobutyl,  51,  60. 

Isopropvl,  51. 

Methyle*^thyl,  52 

Methylisopropyl,  51,  6o. 

Methylpropyl,  51,  60. 

n^Propyl,  52. 

Secondaiy  butyl,  51,  6o-6a. 

Tertiary  Dutyl,  51,  60. 

Trimethyl,  5*1 ,  59. 
Carbohydrates,  254. 
Carbolic  acid.     See  phenol. 

oil,  352,  361,  ^70. 
Carbon  atoms,  Asynunetric,  63,  65. 
Primary,  46. 
Quatemar}',  46. 
Secondary',  46. 
Terminal,  46. 
Tertiary,  46. 

bond,  Nature  of  double,  145-150. 

chains,  46. 

compounds,  Number  of,  2. 

Detection  of,  3,  4. 

Determination  of,  5-7. 

disulphide,  173,  318,  319,  325,  376,. 
500. 

Divalenev  of,  23,  98,  158,  315. 

Moleeuleof,  21,  22. 

oxychloride.     See  carbonyl  chloride^ 
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Carbon  oxvsulphide,  313,  314,  319. 

poles.  149. 

tetraDromide.  See  tetrabramomethane. 

tetrachloride.  See  teira^hloromethane. 

tetraethyl,  94. 

Tetravalency  of,  23. 

Trivalency  of,  467. 

Vapour  density  of,  21. 
Carbonic  acid,  317. 

derivatives,  317-327. 

esters,  3ï7,  3i8,  320,  324. 
Ortho-,  326. 
Carbonyl  chloride,  172,  304,  317,  320, 
374,  384,  390. 

-ffroup.  Tests  for,  132. 

-haemoglobin,  526. 
CariDylamine  reaction,  99, 369. 
Carbylamines,  97-99. 

Constitution  of,  97,  9Ö. 
Carius,  9. 
Casein,  524. 
Catalysis,  105,  120,  133,  134,  168,  172, 

262,  279,  398,  402,  406. 
Catechol,  350,  409,  434,  484. 
Cations,  112. 
Cayley,  48. 
CeUulose,  254,  287-289. 

Nitrates  of,  288,  289. 
Ceratin,  526,  527. 
Cetyl  alcohol,  66. 
Chains,  Branched,  46. 

Carbon,  46. 

aosed  carbon,  179, 338. 

Normal,  46. 

Open,  338. 

Silicon,  94. 
Charcoal,  Wood-,  423. 
DB  Chardonnet,  288. 
Chattaway,  316. 
Chelidonic  acid,  302,  303. 
Chelidonium  majus,  302. 
Chemistrj',  Claafification  of  organic,  35. 

of  silicon,  94. 
Chevreul,  110. 
Chitine,  289. 
Chitosamine,  289. 

hydrochloride.  289. 
Cliloral.     See  irichloroacetaldehyde. 

alcoholate.  252. 

hydrate,  251,  252,  290,  295. 
Chloranil.     See  ietrachLoroqiiinone, 
Chlorides,  Acid,  114,  "S,  116, 121, 128. 
Chloro-acetone,  146,  151,  156. 

-aldehydes,  130. 

-amylamine.  e-,  489. 

-aniline,  m-,  447. 
;>.,  400. 

-benzenediazocyanide,  Anti-,  400. 


Chloro-benzenediazocyanide,  Synr,  400. 

-benzoic  acid,  m-,  383, 420. 
o-,  426,  430. 
p-,  426. 

-benzonitrile,  iH.  400. 

-bromotrimethylene,  355. 

-butyric  acid,  /f-,  212. 

-cafi^ine,  334. 

-carbonic  ester,  208,  298,  317,  324. 
375,  384. 

-ethers,  185. 

-ketones,  130. 

-methylene,  172. 

-naphthalene,  a-,  473. 

-nitrobenzene,  p-,  447. 

-oxalic  ester,  388. 

-phenol,  o-,  425,  426. 
jhy  425,  426. 

-picrin,  172,  326. 

-propionic  acid,  a-,  246. 

-propylene,  o-,  156,  157. 
p',  156,  157. 

-propylphenyl  ether,  f-,  489. 

-toluene,  o-,  359. 
p-,  359. 

-tnmethylene  bromide,  489. 
Chloroform,  99, 171, 172, 173,  213,  252, 

253,  310,  432. 
Chlorof  ormic  esters.  See  carbonic  esters. 
Chlorophvll-grains,  282. 
ChoHne,  186, 187,  514. 
Chromophores,  516. 
Chrysine,  487. 

Chrysoidine.    See  diaminoazobemene. 
Cinchomeronic  acid,  495,  509. 
Cinchona  bark,  518. 
Cinchonine,  437,  518. 
Cineol,  455. 

Cinnamaldehyde,  405,  406. 
Ciunamic  acid,  405,  406. 

alcohol,  405. 
Citral.     See  geranial. 
Citrate,  Calcium,  241. 

Triethyl,  242. 
Citric  acid,  209,  241, 242,  277,  296,516. 

mononitrile,  296. 
Cilromyces  glciber,  242. 

pfefferianus,  242. 
Claisen's  condensation-method,  250, 

291,  292,  296,  300,  303,  350. 
Classification  of  oi^anic  chemistry,  35. 
Closed  carbon  chains,  179,  338. 
Coagulation,  522,  523. 
Coal-gas,  36,  141,  151,  351,  470. 

-tar.     See  tor. 
Cocaïne,  517. 
Cognac,  55. 
Coke.  351. 
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Collagons,  526,  527. 
Collie,  304. 
Collidine,  491,  402. 

-dicarboxylic  ethyl  ester,  492. 
CoUidines,  491. 
Collodion,  288. 
Colloids,  521. 
Colour-bases,  434. 

Combes,  trivalent  aluminium  atom,  251 . 
Combustion  furnace,  6. 

Heat  of,  35. 
Compound  ethers.     See  esters. 
Compounds,  Heterocyclic,  339. 

Homocyclic,  338. 

Primary,  52. 

Secondary,  52. 
•Tertiary,'52. 
Condensation,  136. 
Condenser,  Air-,  24. 

LiEBia's,  24. 

Reflux-,  23,  24. 
Conductivity,  Molecular  electric,  35. 
Conglomerate,  240,  241. 
Con^o-red,  475. 
Coniïne,  492,  493,  514,  516. 

tartrate,  493. 
Conium  manilatum,  516. 
Constants,  Ionization,  112,  113,  162. 

of  the  fatty  acids,  113. 
Constitutional  formula;,  45,  60. 
Cnrneïn,  528. 
Cotarnine,  518. 
Cotton,  287. 

-wool,  288. 
('ounter-current.  Principle  of  the,  277. 
Couple,  Zinc-copper,  37,  144. 
Crafts.     See    Friedel   and   Crafts' 

synthesis. 
Cream  of  tartar,  231. 
Creosote  oil,  352,  3(U,  470. 
Crcsols,  361,363,  522. 
Croconic  acid,  414.     . 
Crotonaldehyde,  136,  167,  169. 

-ammonia.  491. 
Crotonic  acid,  161,  163,  166,  169,  212, 

218,  223. 
Oystalloias,  521. 
Crystallization,  Fractional,  32. 
Crystal-violet,  464. 
Cumaric  acid,  437. 
Cumarinj  437. 
Cumarinic  acid,  437. 
Cumene,  354. 
Curarine,  519. 
Ct'rtius,  247. 

Curves,  Vapour  tension,  28. 
Cyamelide,  311,  316. 
Oyanamide,  315,  322,  326. 


Cyanamide,  Silver,  315,  326,  327. 
Cvanate,  Potassium,  308,  312,  313. 
Silver,  312,  320. 
(iso),  Ammonium,  320. 
Potassium,  321,  323,  331. 
Cyanhydrin  synthesis,   130,  217,  220, 
221,  223,  226,  242,  243,  246,  259, 
261,  263,  265,  268,  271,  282,  293. 
Cyanic  acid,  311-313. 
Iso-,  312,  320. 

esters,  312,  313,  319,  321. 
Normal,  312. 
esters,  312,  316. 
Cyanide,  Ammonium,  309. 
Cupric,  308. 
Cuprous,  308. 
Mercuric,  310. 

Potassium,  308,  310,  311,  383. 
Silver,  308. 
Cyanides  (See  also  nitriles),  309,  310, 
311. 
Alkali-,  310. 
Alkaline-earth-,  310. 
Test  for,  5. 
Cyano-acetic  acid,  192. 
-benzoic  acid,  o-,  423. 
-quinolines,  508. 
Cyanogen,  190,  308,  309. 
chloride,  312,  315. 
derivatives,  308-316. 
Cyanurate,  Potassium,  316. 

Silver,  316. 
Cyanuric  acid,  311,  316,  322. 
ester,  312. 

Insoluble.     See  cyamelide, 
Iso-.     See  cyamelide, 
esters,  312,  316,  324. 
bromide,  316. 
chloride,  312,  316. 
Cvclohexane.     See  Jiexamelhylene. 
Cymene,  343,  354,  387,  452,  453,  455- 
459. 


Datura  stramonivmy  516. 
Davy,  Sir  Humphry,  317. 
Decamethylenedicarboxylic  acid,  189. 
Decane,  42. 
Decylene,  142. 
Deiman,  176. 
Deoxy-caffeine,  334. 
-derivatives,  334. 
Depressimeter,  Eykman's,  19. 
Denaturation  of  spirit,  53,  57. 
Determination  of  position.    See  orienn 

talion. 
Developers,  Photographic,  430. 
Dextrin,  286. 
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Dextro-rotation,  61-Ö5. 
Dextrose,  240. 
Diabetes,  140,  264. 
Diacetoneamine,  139. 
Diacetyl,  249,  291. 
Diacetylenedicarboxylic  acid,  207. 
Diacetylsuccinic  ester,  294. 
Dialdehydes,  248. 
Dialkyl-phosphines,  92. 
DiaUyl,  155. 
Dianiide.     See  hydrazine. 

a£-Diaminocaproïc  acid,  247. 
Diamines,  185,  186. 
Diaminoacids,  247. 

-azobenzene,  413,  4x4,  418. 
-phenol  (1:2: 4),  430. 
-stilbene,  p-,  468. 
Diamvlene,  145. 
Diastase,  54,  273,  284. 
Diatoms,  41. 
Diazo-acetic  ester,  247. 
-ami no-benzene,  401. 

-compounds,  401,  402. 
-benzene  chloride,  5?/n-,  399. 
hydroxide,  Syn-,  399. 
-sulphonate,  Öodium,  403. 
-sulphonic  acid,  p-,  397. 
-compounds,  395-402. 
Anti-,  399. 
5i/n-,  399. 
Diazonium  compounds,  301,  369,  395- 

402. 
Dibasic  acids,  419-423. 

Baeyer's  synthesis  of,  207 
Saturated,  188-201. 
Unsaturated,  201-207. 
Dibenzhydroxamic  acid,  366. 
Dibenzyi,  467. 
-amine,  375. 
D  bromo-acetic  acid,  290. 
Dibromo-benzene,  m-,  345,  408,  445. 
o-,  3 15. 
p-,  345. 
-brassidic  acid,  216. 
-butyric  acid,  166. 
-erucic  acid,  216. 
-malonio  ester,  295. 
-propane  (wa),  175. 

(^<üw').     See  trimethylene  bromide. 
-propionaldehyde,  26Ó. 
-propylene,  155. 
-pyndine,  518. 

-succinic  acid,  204,  205,  207,  226. 
-thiophen,  500. 
Dicarbonyl-bond,  274,  283,  286. 
Dichlorhydrin,  Symmetrical,  185,  242. 

Unsymmetrical,  185. 
Dichloro-acetal,  251,  252. 


Dichloro-acetic  acid,  212,  213. 

-acetone.  Symmetrical,  242,  253. 

-benzene,  m-,  408. 

-isoquinoline,  508. 

-napnthalene,  477. 
2:6-  Diethoxy  -  8  -  chloropurine.  333, 

334. 
Diethyl-carbinol,  51,  60. 

disulphide,  79. 

ether.     See  ether. 

malonate,  192-194. 

oxalate,  192. 

succinate,  197. 

-sulphonedimethylmethane.  See  std* 
phonal. 
Dihydric  alcohols.     See  glycols. 

phenols,  409. 
Diny dro-an t  hracene,  4 80. 

-benzene,  455. 

-collidinedicarboxylic  ester,  492. 

-pyrazole.     See  pyrazoline. 

-pyrrole,  499. 
Dihydroxy-acetone,  2»59,  260. 

-acids,  Aromatic,  434. 

-anthraquinone.     See  alizarin. 

-azobenzenesulphonic  acid,  418. 

-benzene,  m-,  409,  412. 
o-,  409,  412. 
p-,  409,  412. 

-naphthalene  (1 : 2),  476. 

-phenanthrene,  486. 

-tartaric  acid,  350. 
Di-iodo-acetic  ester,  247. 

-p-phenolsulphonic  acid,  424. 
-purine,  333. 
Di-isopropvi,  46,  48. 
Diketonesa:2),  249,  415. 

(1:3),  249,  250. 

(1 :  4),  249,  251,  496,  498,  501. 
Dilution,  Law  of,  112. 
Dimethyl-acetylene,  153. 

-allene,  155. 

-alloxan,  332. 

-amine,  83,  86,  373- 

-amino-azobenzenesulphonic     acid, 
418,  425. 
-benzene,  402,  417. 

-aniline,  37^-374,  389,  402,  417,  463, 
466. 
hydrochloride,  418. 
oxide,  474. 

-benzene.     See  xylene. 

-ethylene,  Symmetrical,  142. 
Unsymmetrical,  142. 

-diethylmercaptole,  140. 

-ethylcarbinol,  51,  60. 

ether,  75. 

-ketone,  127,  128. 
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Dimethyloxalate,  192. 

-phenylpyrazolone.     See  antipyrine. 

-pyridines.     See  lutidines. 

-phosphinic  acid,  93. 

-pyrone,  304-307. 
hydrochloride,  305. 
picrate,  305 

-succinic  acid,  Symmetrical,  195. 
Unsymmetrical,  195. 

-succinic  acid,  Symmetrical,  501. 

-thiophen.     See'  also  thioxen, 
aa\  500. 
^^'-.  501. 
Dinaphthol,  a-,  474. 

^-,474., 
Dinicotimc  acid,  495. 
Dinitro-benzene,  m-,  4x4, 415, 447, 448. 
0^,414,415,448. 
p-,  414,  415,  448. 

-diphenyldiacetylene,  511. 

-ethane.  185,  367,  368. 

-mesityiene,  444. 

-a-naphthol,  475. 
sulphonic  acid,  475. 

-phenol  (1:'2:4),  447. 
(1:2:6),  414,447. 

•stilbene,  p-,  468. 

-thiophen,  502. 
,  -toluene  (1:2: 6),  450. 
Dioses,  2S5,  262,  272-283. 
Dioxindole,  509,  510. 
Dipentene,  454,  455,  457- 

dihydrochloride,  455. 

tetrabromide,  454. 
Diphenic  acid,  462,  485. 
Diphenyl,  352,  377,  382,  398,  461,  486. 

-amine,  368,  371,  372. 

-ethylene,  Synunetrical.  See  stilbene. 

-ethane,  Symmetrical.    See  dibenzyl, 
Unsymmetrical,  462. 

-methane,  462. 

-methylamine,  375. 

-thiourea,  376. 

-urea,  376. 
Diphenyleneketone,  462. 
Dipicolinic  acid,  494. 
Dippers  oil,  488,  498,  504. 
Dipropyl,  45,  48. 

Disodiomalonic  ester,  193,  194,  208. 
Dissociation,     Electrolytic,     in-113, 
278,  279. 

Hvdrolvtic,  110. 
Distillation,  24,  25,  26. 

in  vacuum,  25,  26. 

Steam,  28,  29,  30. 
Dithiocarbamate.  Ammonium,  325. 
Divalency  of  carbon,  23,  98,  158,  315. 
Divi-divi,  434, 


Dodecane,  39,  42. 
Dodecamethylenedicarbozylic    a  0  i  d, 

189. 
Dodecvl,  39. 

VAN  Dorp,  312,  423,  439,  508. 
Double  carbon  bond,  Nature  of,  145, 
150. 

linking.  Test  for,  142. 
Drewsen,  506. 
Dry-cleaning  process,  39. 
Dryobalanops  camfhora,  452. 
Diïlcitol,  183,  184,  269. 
Dumas.  2,  7. 
Dutch  liquid,  176. 
Duty  on  alcohol,  57. 
Dyemg,  416,  417,  467,  SU- 
Dyes,  53,  263,  416,  464,  511,  512. 

Aniline,  351,  365,  414. 

A20-,  41&-419. 

Benzopurpurin.  475. 

Congo-,  475. 

Pararosaniline.    See  pararosanilines. 

Rosaniline.     See  rosaniiines. 

Triphenylmethane,  463-467. 

Vegetable,  343. 
Dynamite,  183. 

E. 

Earth-wax,  40. 
Ecgonine,  517. 
Eicosane,  42. 
Elaidic  acid,  165. 

transformation,  165. 
Elastin,  526,  527. 

Electric  conductivity,  Molecular,  35. 
Electrolysis  apparatus,  Kuster's,  232. 
of  potassium  salts  of  ketonic  acids, 
291. 
Electrolytic  dissociation,  111-113. 
Electro-magnetic  rotation,  301. 
-reduction  apparatus,  Tafel's,  334, 
335. 
of  nitro-compounds,  378-380. 

pyridine,  493. 
scheme,  Haber'b,  380,  413. 
-synthesis  of  dibasic  and  other  acids, 
19^198. 
ethane,  198. 
Empirical  formulae,  11,  12. 
Emulsin,  310. 
Emulsion,  111. 

Endothermic  compounds,  154. 
Engler's  artificial  petroleum,  40. 
Enol-compounds,  299-302. 
Enolization,  301,  302. 
Enzymes,  54,  240,  272,  279-282,  310, 
511. 
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Eodn,  421. 

Epichlorhydrin,  185,  502. 
Eauilibrium,  117. 

Principle  of  mobile,  109,  119. 
Erucic  acid,  161,  165,  166,  216. 
Erythritol,  183. 
ErythroxoUm  coca,  517. 
Esterification,  72,  116,  450. 

Theory  of,  117-119. 
Esters,  67,  71,  72,  88,  89, 114, 115-121. 

Ortho-,  101. 

Saponification  of,  72,  1x9-121,  311. 
Ethane,  38,  39.  42,  44,  144,  154,  175. 

Electro-syntnesis  of,  198. 

-tricarboxylic  ester,  195. 
Ethenylaminophenol,  429. 
Ether,  73-75,  141,  144,  159,  172,  185. 

Dimethyl,  75. 

Methylated,  73. 

Methylethyl,  73. 
Ethereal  oils,  452-454. 
Ethers,  68,  185,  364. 

Isomerism  of,  76.  ^ 

Mixed,  68,  74. 
Ethyl,  39. 

acetate,  103,  251,  292,  296. 

-acetylene,  1/^1. 

alcohol,  52,  53-57, 171, 172, 178, 185, 
248,  264,  290,  292,   296,    299, 
317,  324,  325,  399. 
Manufacture  of,  54. 
Test  for,  57,  173. 

-amine,  86,  97,  187,  376,  387. 

-benzene,  352,  354,  359. 

benzoate,  386. 

bromide,  68,  70,  72. 

-carbylamine,  97,  98. 

chlonde,  70,  175. 

cyanide,  97,  98. 

formate,  350. 

-glycollic  acid,  217. 

iodide,  70. 

-isobutyl,  48. 

-mercaptan,  X40. 

-methylacetylene,  153. 

methylethvimalonate,  193. 

methylmalonate,  193. 

nitrate,  71. 

-nitrolic  acid,  90. 

phenylacetate,  300. 

phosphate,  71. 

{>hosphite,  69. 

sodiomalonate,  422. 

sulphate,  71,  72. 

-sulphate.  Barium,  71. 

sulphide,  79. 

-sulphonic  acid,  79,  80 

-sulphuric  acid,  71,  72,  73,  74,  144. 


Ethylene,  22,  86,  142,  144,  146,  175, 
177,  223. 

-bromhydrin,  422. 

bromide,  144, 151, 156, 159, 176, 194, 
340,  422. 

chloride,  146,  175,  176,  179. 

cyanide,  194. 

oxide,  178, 179, 186, 187, 199, 496. 

tetrachloride,  175. 
Ethylidene  chloride,  128,  146,  151. 
Eugenol,  438. 
Eykman'b  depressimeter,  19. 

graphic  method,  20. 


Faraday,  354. 

Fats,  Saponification  of,  109,  121,  163, 
182. 

Synthesis  of,  2. 
Fatty  acids,  99, 101-113, 127, 128, 162, 
182. 
Ionization  constants  of,  113. 

compounds,  35. 
Fehling's  solution,  232,«i233,  255. 
Fermentation,  54,  219,  264,  279-281. 

Alcoholic,  54,  264,  279-281. 

Butyric,  219. 

Lactic,  219. 

Putrefactive,  279. 
Ferrocyanic  acid.  307. 
FerrocVanide,    Potassium,    309,  "  310, 

31^1,  351. 
Fibrinogen,  524. 
Fibroin,  528. 
Filtering-flask:,  31. 
Filtration,  31,  32. 
Fire-damp,  36,  37. 
Fischer,  Emil,  228,  244,  247,  254,  267, 

281,331,333,334,422. 
FlTTIG.  218. 
FiTTio's  synthesis,  352,  358,  461.  473, 

500. 
Flash-point,  40. 

apparatus  of  Abel.  40. 
Flax,  287. 
Fluoranthene,  487. 
Fluorene,  462. 
Fluorescein,  421. 
Fluorescence,  421,  518. 
Formaldehyde,  53,  137,  138,  260,  261, 

282,  369 
Formaldoxime,  138. 
Formalin,  138. 
Formamide,  122. 
Formate,  Ammonium,  309,  310. 

Potassium,  310. 
Formates,  105. 
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Formic  acid,  97, 104-106, 113, 139, 169, 
171,  172,  181,  182,  190,  220,  252, 
309,  311,  315. 

ester.     See  ethyl  formate. 
Formonitrile.    See  hydrocyanic  add, 
Formose,  360,  261. 
Formulae,  Empirical,  11,  12. 

Molecular,  12. 

Constitutional  or  structural,  45,  60. 
Formyl  chloride,  388. 

-phenylacetate.  Ethyl,  300. 
Fractional  crystallization,  32. 

distillation,  27,  28. 
Fractionating-columns,  26,  27,  54. 

-flask,  25. 
Franchimont,  321. 
Free  linkings,  98. 

Freezing-pomt,    Lowering    of,    16-20, 
305,  306. 
Molecular  lowering  of,  18. 
Friedel,  180. 

and    Crafts'    sjti thesis,    352,   353, 
391,  473,  501. 
Fructosamine,  2. 
d-Fructose,  254, 264,  265-268, 274, 280, 

281.283,289,293. 
V-Fructose,  281. 
Fruit-sugar.     See  d-frurtose. 
Fulminate,  Mercury,  288,  315,  414. 

Silver,  315. 
Fulminating  mercury.     See  fidminate, 

mercury. 
Fulminic  acid,  315, 
Fumarat«,  Phenyl,  468. 
Fumaric  acid,  201-207,  209,  236,  237, 

437. 
Funnel,  Separating-,  30. 
Furfural   or   furfurole.     See   furfural' 

dehydc. 
Furfuraldehyde.  263, 264, 496, 497, 498. 
Furfuran,  339,  496-498. 
Furfuramide,  497. 
Furfuryl  alcohol,  497. 
Furoin,  497. 
Fusel  oil,  55,  57,  60,  72,  144. 

G. 

Gabriel,  421,  489. 
d-Galactose,  269,  274,  281,  283. 
/-Galactose,  281. 
Galactonic  acid,  263,  269. 
Gallic  acid,  410,  434,  435. 
Gall-nuts,  434,  435. 
Gariic,  Oil  of,  160. 
Gas-manufacture,  351. 
Gastric  juice,  525. 
Gattermann,  397,  438. 


Gay-Lussac's  law,  16. 

Geranial,  456. 

Geraniene,  456. 

Geraniol,  455,  456,  458. 

Gerhardt,  2. 

Gernez,  61 . 

Gladstone  and  Tribe's  zinc-copper 

couple,  37. 
Globulin,  524. 

Serum-,  524. 

Vegetable-,  524. 
d-Gluconic  acid,  265,  267,  273.  274. 
rf-Gluconolaotone,  267 
Gluco-proteids,  524,  525. 
rf-Glucosazone,  265,  266,  268. 
rf-Glucose,  53,  54,  219,  242,  254,  264- 
268,  271-274,  278,  281,  283,  284, 
287,  310.  430,  483. 
/-Glucose.  268,  281. 
Glucosides,  275,  310,  430,  435,483,  511 
rf-Glucosone,  266,  267. 
Glue.     See  glutin. 
Glutamine.  246. 
Glutaminic    acid.     See    aminogluianc 

acid. 
Glutaric  acid,  189,  196,  198,  262,  341. 

anhydride,  198. 
Gluten-proteïns,  524. 
Glutin,  527,  528. 
Glyceraldehyde,  259-261,  267. 
Gly cerate,  Lead.  259. 
Glyceric  acid,  179,  290,  291 
Glycerine.     See  glycerol. 
Glycerol,  54,  109,  110,  168,  179-183, 

184,  185   187,  259,  505. 
Glycerose.     See  dihydroxyacetone. 
Glvcerosazone,  259 
GlycocoU,  216,  244,  245,  246,  527,  528- 

copper  salt,  245. 

ester,  247. 

hydrochloride,  244. 

Trimethyl-,  245. 
Glycogen,  *286,  287. 
Glycol,  158,  177-179. 

-chlorhydrin,  178,  179,  223. 

-cyanhydrin,  223. 

diethyl  ether,  178. 

monoethyl  ether,  178. 
GlycoUaldehyde,  260. 
Glycollate,  Ëthvl,  217,  247. 
GlycoUic  acid,  212,  216-219,  225,  248, 

265,  290. 
Glvcollide,  219,  225. 
Glycols,  177-179. 
Glyoxal,  226,  248.  350. 
Glyoxylic  acid,  290.  295,  329. 

GOLDSCHMIDT,  402. 
GOMBERG,  467. 
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Grape-sugar.    See  d-^IucoM. 
Graphic  method,  Etkman's,  20,  21. 
"Green  soap/' no. 
Griess,  305. 
Grionard,  05, 116, 130j 
Guaiacol,  400. 
Guanidine,  326,  327. 

thiocyanate,  326,  327. 
Guanine,  33X9  525. 
Gum-arabic,  262. 

-benzoin,  343, 384. 

Cherry-,  262. 
GuncotUm,  183,  a88. 

H. 

^, 

Habkr's  electro -reduction  scheme, 

380,  413. 
Hsmatin,  526. 
Hflemin,  526. 
Hierooglobtn,  524,  536. 
HaUdes/Alkyl,  68^x,  06,  141,  143, 

157,  312. 
Haloffenation     method     of     Victor 

Meyer,  175. 
Halogen  benzoic  acids,  426. 

-carriers,  350. 

compounds.  Unsaturated,  156. 

derivatives,  Aromatic,  358-360. 
of  methane,  171-174. 
homologues  of  methane,   174- 
176. 

-hydrins,  185. 

phenols,  425,  426. 

-substituted  acids,  a 1 1-2x6,  242. 

sulphonic  acids^  424. 
Halogens,  Detection  of,  4,  5. 

Determination  of,  0. 
Hambly.  320. 

Hantzsch,  308-400, 465, 401. 
Hard  soap,  110. 

water,  111. 
Heatine  substances  together,  23,  24. 
Heat  of  combustion,  35. 
Heavy  oil.     See  creosote  oil. 
Helianthine.       See  dimethylaminoazo- 

hemenesulphonic  acid. 
Heneicosane,  42. 
Hentriacontane,  30,  42. 
Heptamethylene,  517. 
Heptane,  42. 
Heptonic  acids,  261,  265. 
Heptoses,  255  261,  269. 
n-Heptyl  alcohol,  52. 
Heptvlene,  142. 
Heptylic  acid,  104,  266,  203. 
Herring-brine,  86. 
Heterocyclic  compounds,  330,  488-504. 


Hexa-chloro-benzene,  408. 

-eUiane,  175. 

-contane,  38,  42. 

-decane,  42. 

-hydric  alcohols,  183, 184,  255,  258, 
264,  267. 

-hydropyridine.    See  piperidine. 

-hydroxybenene,  411, 414. 

-methyl-benzene,  153. 

-trianunotriphenylmethane.  See 

crystal-violet, 

-methylene,  338, 344,  355,  356. 

-amine,  137. 
derivatives,  342,  344. 
Hexane,  38,  42,  45,  47»  4^,  344. 
Hezodioses  (Hexobioses),  255. 
Hexonic  acids,  255,  263,  264,  267. 
Hexoses,  255,  258,  263,  264-269,  280, 

283,284. 
Hexotrioses,  255,  283. 
n-Hexyl  alcohol,  52. 
Hexylene.  142. 

Hexyl  ioaide.  Normal  secondary,  257. 
Hill,  Croït,  272. 
Hippuric  acid,  245,  384. 
Hofer's  apparatus  for  electro-synthe- 
sis, 107. 
van't  60FP,  62,  63j  65,  238. 

Theory  of  stereoisomerism  of,  62-65. 
HOFMANN,  15,  16. 

Vapour  density  apparatus  of,  16. 
Homo-cyclic  compounds,  338. 

-phthalic  acid,  508. 

-phthalimide,  508. 
Homologous  series,  41. 
Honev,  265. 

-stone,  423. 
Hoogewerff,  312,  423,  430,  508. 
Howard,  315. 
Humus  substances,  260. 
Hydracrylic  acid,  218,  210,  223. 
Hydrazidcs,  Acid,  124,  324. 
Hydrazine,  327,  502. 

Alkyl-derivatives  of,  86,  87. 

hydrate,  503. 

Phenyl-derivatives  of,  372. 
Hydrazmes,  402-404. 
Hydrazo-benzene,  377,  380,  461. 

-benzoic  acid,  tw-,  462. 
Hydrazones,  132,  256,  264,  266,  267. 
Hydro-benzamide,  380. 

-benzoin,  468. 

-carbons  Cnü^n-it  150-155. 

Nomenclature  of  the  saturated,  30. 

Saturated,  36-48,  05,  175. 

Unsaturated,  141-155,  405. 

with  two  double  bonds,  155. 
triple  bonds,  151-155. 
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Hydrocyanic  acid,  257,  309,  310,  311, 
312,  314,  315,  388. 
antidote,  309. 
-naphthalene-dicarboxylic  acid,  471. 

-tctracarboxylic  ester,  471. 
-Quinone.     See  qainol, 
Hyarogen^  Detection  of,  3,  4, 
'Determination  of,  5-7. 
Molecular  weight  of,  13. 
Naacent,  37. 
Hydrolysis  of  nitriles,  99,  loi. 
Hydrolytic  dissociation,  no,  305,  306, 

311. 
Hydroxy-acetic  acid.  See  glycoUic  add, 
-acids,  a-,  217,  2^8. 
fi-,  218. 

r-,  219,  223-325. 
«-,  219. 

Dibasic,  225-241. 
Monobasic,  216-223. 
Polybasic,  241,  242. 
-aldehydes,  437,  438. 
-anthraquinone,  481. 
-azobenzene,  377»  402,  417. 
-benzaldehyde,  o-.     See  salicylalde' 
hyde. 
p.,  438. 
-benzoic  acid,  nt^,  432. 
0-.    See  salicylic  acid» 
p-,  431,  432,  446. 
-butyric  acid,  Normal,  136. 
/ï-,  161,218,  223. 
r-,  219,  224,  225. 
-cinnamic  acid,  o-.  437. 

-carboxylic  acia,  o-,  477. 
-ethylamine,  422. 
-^lutaric  acid,  fi-y  297. 
-isobutyric  acid,  y-,  170,  217. 
-methylbenzoic  acid,  o-,  420, 436. 
-phenylpropionic  acid,  p-,  436. 
-propionic  acid, «-.    Se!e  lactic  acid. 

P',    See  hydracrylic  acid, 
-propylene,  fl-,  158. 
-pyndines,  491. 

-quinoline  (2).     See  carbostyril. 
-quinolines,  508. 
-toluenes.     See  cresols. 
8-Hvdroxv-2.  6-dichloropurine.  333. 
Hydroxylamine,  90,  91,  315,  426. 
Hydroxyl,  Test  for,  114,  115. 
Hvoscy amine,  517. 
Hypnone,  390. 

Hypothesis  of  Avooadro,  13,  16,  17. 
Hypoxanthine,  331,  525. 

I. 

Imino-chlorides,  123 
-ethers,  123. 


Index  of  refraction,  35. 
Indican,  511. 

Indigo,  370,  419,  440,  509-513. 
-browQ^12. 

-sulphl^pRld,  390. 

-vatting7ol3. 

-white,  512,  513. 
Indigofera  lepostycha,  511. 

tinctxrriaf  511. 
Indigotin,  512. 

-sulphonic  acids,  512. 
Indole,  509,  510,  519. 
Indophenin  reaction,  500. 
Indoxyl,511.A 
Ink,  434. 
Inulin,  265. 
Inversion,  264,  274. 
In vertase,  280,281. 
Invert-sugar,  219,  264,  265,  274,  278. 
lodo-benzene  dichloride,  360. 

-phenol;  426. 

-propionic  acid,  fi-,  162,  2x2.  2x3. 
223,  244. 
Iodoform,  57,  173,  174. 

test,  173. 
lodosobenzene,  360. 
lodoxybenzene,  360. 
Ionization,  111-113. 

constants,  112.  113, 162. 
of  fa^  acias,  113 
Ions,  62^70,  81. 
Isatin,tK)0,  509. 

chloride,  510,  511. 
Iso-amyliso  valerate,  116. 

-butyl  alcohol,  51. 
-carbinol,  51,  60,  72. 
iodide,  143,  147. 
-sulphuric  acid,  143. 

-butylene,  143,  147. 

-but>Tic  acid,  108, 109, 217, 259. 450. 

-cinchomeronic  acid,  495. 

-crotonic  acid,  163. 

-dibromosuccinic  acid,  204-206. 

-dinitroethane,  367. 

-eugenol,  438. 

-maltose,  284. 

-nicotinic  acid,  493.  494,  495. 

-nitriles.    See  carbylaminea, 

-nitro-compounds,  367. 

-nitrosoketones,  249. 

-phthalic  acid,  423,  445. 

-propyl  alcohol,  51,  57-59,  177. 
-amine,  82. 

-benzene.    See  cumene. 
-carbinol,  51 . 
iodide,  146,  181. 
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Iso-purone,  335. 
-purpuric  acid.  429. 
-quinoline,  508,  509,  514,  518. 

sulphate,  508 
-valeraldehyde-ai 
Isomerism.  2,  42-48.        y 
of  the  alcohols,  51,  52. 
amines,  82. 
ethers,  76. 
Optical  or  stereochemical.    See  «tor- 
eoiiomerism. 
Isomers,  43. 

Numoer  of  possible,  47,  48. 
Physical  properties  of,  48. 
Isoprene,  155.  ^ 

Isotonic  solutions,  17.    ^ 


Japan  camphor.    See  camphor. 
JuLiNs'  chlorocarbon.    See  hexachloro- 
beruene. 

E. 

Kekulê,  343. 
Kerosene,  40. 
Ketization,  302. 
Keto-aldehydes,  249. 

-compounds,  299-302. 

•heptamethylene,  342. 

•hexamethylene,  342. 

-hexoses,  255. 

-pentamethvlene,  341,  342. 

-polymethylene  derivatives,  342. 
Ketone  acid  sulphites,  129. 

alcohols,  254-289. 

decomposition,  292-294. 
Ketones,  58,  125-132,  139,  140,  151, 
153,  166,  174,  177,  323,  390-391. 

Mixed,  128. 

Unsaturated,  169,  170. 
Ketonic  acids,  243,  290-297. 
Ketoses,  255,  265,  267. 
Ketosteanc  acid,  165, 166 
Ketoximes,  130-132,  391,  393. 
KippiNQ,  240. 
Kjeldahl.  8. 
Klason.  316. 
Knop,  323 
Knorr,  503. 
KoLBE,  2,  198, 430. 
KÖN108,  505,  518. 
KÓRNER,  445. 

Principle  of,  442,  445,  446. 
Krafft.  164. 
KüSTER,  232. 


Laboratoiy  methods,  24-35. 

Lactams,  244. 

Lactate,  Zinc,  220. 

Lactic  acid,  216, 218, 219-223, 239, 240. 

fermentation,  219. 
Lactide,  218,  220. 
Lactobionic  acid,  274. 
Lactone  formation,  Velocity  of,  225. 
Lactones,  212,  219,  223-225,  261,  263, 

267,  275,  338,  421. 
Lactonitrile,  221,  243. 
Lactose,  219,  220,  254,  269,  273,  274, 

276,  283. 
Ladenburo,  444,  492. 
Lsevo-rotation,  61-65. 
Lsvulinate,  Silver,  269. 
Lsevulinic  acid,  269,  295. 
"Lakes,"  484. 
Lassaione,  4. 
Laurent,  2,  34. 
Laurua  camphora,  452. 
Lauwerenburoh,  176. 
Law  of  AvoQADRO,  13,  x6, 17. 
Berthelot,  30. 
Boyle,  16. 
dilution,  112. 
Gay-Lussac,  16. 
Lead,  Sugar  of,  108. 

White,  108. 
Lb  Blanc  process,  289. 
Lecithin,  187. 
Leucine,  246,  522,  527,  528. 
Leuco-bases.  464. 

-malachite-green,  462. 
Leuconic  acid,  414. 

pentoxime,  414. 
LiEBio,  2,  5,  9,  279,  311,  323. 
Ltebreich,  253. 
Light  oil,  353,  488. 
Lignin,  262,  287,  288. 
LigroTn,  39. 
Limonene,  454, 457. 

tetrabromide.  454. 
Linalol,  456. 
Linen,  287 
Linkings,  Free,  98. 
Linoleïc  acid,  167. 
Liquid  paraffin,  40. 
Liquids,  Separation  from  solids.  31. 

Separation  of  inuniscible,  30,  31. 
Lowering  of  freeeing-point,  10-20 
Low  wines,  55. 
LUMIÈRE,  430. 
Lutidines,  491 . 
Lutidinic  acid,  495. 
Lyddite.  429. 
Lysine,  247. 
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Madeira,  55. 

Magenta,  137,  252,  465,  466. 

Magnesium  halides.  Allrvl,  96, 116, 130. 

Malachite-green,  403,  467. 

Maleic  acid,  201-207,  236, 437. 

anhydride,  203. 
MaUc  acid,  201,  226,  246,  296,  516. 
Malonic  acid,  167,  189,  192-Z94,  195, 
198,  208,  295,  330, 406. 

ester.    See  diethyl  tnalonate. 
synthesis,  193-196,  293. 
Malofnylurea.    See  barbituric  acid, 
Maltase,  272,  281. 
Maltobionic  acid,  273. 
Maltosazone,  273. 

Maltose^  54,  272,  273,  275,  281,  284. 
MandeUc  acid,  d-,  437. 
U,  239, 437. 
Raoemic,  239,  437. 
Mannitol,  d-,  183,  184,  259,  267. 

i-,267. 
Manno-heptose,  269. 

-heptonic  acid,  282, 

-nonose,  269,  282. 

-octose,  269. 

-saccharic  acid,  d-,  267,  271. 
i-Mannonate,  Stryclmine,  267. 
Mannonic  acid,  d-,  267. 

i-,  267. 
Mannose,  d-,  259,  267,  268,  271,  281, 
282,  287. 

1-,  267. 

U,  268,  281. 
Manufacture  of  ethyl  alcohol,  54. 
Mabckwald,  239 
Margaric  acid,  X04,  164. 
Margarine,  109. 
Margarylmethylketone,  164. 
Marsh  gas.     See  methane. 
Martius*  yellow,  475. 
McCoy's  boiling-point  apparatus,  20, 

21. 
Meconic  acid,  517. 
Meconin,  518. 

Meconinic  acid.    See  meconin, 
Melediose,  283. 
Mellitic  acid,  22,  433. 
Melting-point,  Determination  of,  32. 
Mendelejeff,  94. 
Menschutkin,  83,  121,  369. 
Menthol,  239,  455>  45^* 
Mercaptan,  Ethyl-,  140. 

Methyl-,  78. 
Mercaptans,  77,  78,  314,  326. 
Mercaptide,  Bismuth,  78. 

Copper,  78. 


Mercaptide,  Lead,  78. 

Merciffv,  78. 
Mercaptides,  77,  78. 
Mercaptole,  Dimethyldiethyl-,  140. 
Mercui^^Mrennia,  86. 
Mercui^^Hb,  96. 

-phe^mPS. 
Mesitylene,  350.  354,  444,  445. 
Mesitylenic  acid,  445. 
Mesityl  oxide,  169,  170. 
Mesotartaric  acid,  226,  227,  230,  233, 

234—237. 
Mesotartrate,     Potassium     hydrogen, 

235. 
Mesoxalate,  ^thyl,  295. 
Mesoxalic  acid,  295,  328,  329. 
Mesoxalylurea.    See  alloxan. 
Af  6to-compounds,  347. 
Metaldehyde  138. 

Metallo^yls.    See  alkidee,  metaUie. 
Metastyrole,  405. 
Methacrylic  acid,  163. 
Methane,  22  36-38, 39, 42, 43, 154, 170. 
Halogen  derivatives  of.  171-174. 
homdogues.  Halogen  derivatives  of, 

174-176. 
synthesis,  Berthelot's,  36. 

Sabatier  and  Senderens',  36. 
-tricarboxylic  acid,  208. 
Methods,  Laboratory,  24-35. 
Methoxyquinoline  (5),  519. 
Methyl,  39 
-acetanilide,  372. 
-acetic  acid.     See  propionic  add. 
-acetoacetic  ester,  297. 
alcohol,  51,  52,  53,  86, 105, 137,  192, 

322,  372,  373,  504. 
-amine,  83, 85, 86  172, 310, 314, 322 
-benzene.     See  toluene. 
bromide,  70. 

-butylacetoacetic  ester.  294. 
-n-butylacetic  acid,  266,  294. 
-carbylamine,  98. 
chlonde,  70,  144,  322, 372. 
cyanide,  98. 
-ethyl  ether^  73. 
-acetic  acid.    See  valeric  acid. 
-carbinol,  52. 
-amine,  82. 

-ketone,  128,  139,  249,  297. 
-malonic  acia,  193,  194. 
-indole,  fi-.    See  akatole. 
iodide,  70,  334,  372, 375,  504,  515. 
-isopropyl-benzene,  p-.    See  cymene, 

iodide,  51,  60. 
-ketones,  129,  152,  293. 
magnesium  iodide  ether  compound. 
307. 
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Methyl-naphthalene,  a^,  473. 
ift.,473. 
-nonylketone,  139,  393. 
-orange,  418. 
-phenyl-hydrazine,  266,  404, 503. 

-pyrazolone,  503,  504. 
-phosphine,  93. 
-propyl-carbinol,  51,  60.  ' 

-ketone,  127. 
-P3nridines.    See  picolinea. 
-thiophen.    See  ikwtoUn, 
-violet,  466. 
Meth3dated  ether,  73. 

spirit,  57. 
Methvlation  method,  Emil  Fischer's, 

334. 
Methylene,  143. 
chloride,  172,  462. 
-diphenyldiamine,  369. 
iodide,  174. 
Meybr,   Victor,   14,   175,  450,  500, 
502. 
Halogenation  method  of,  175. 
Vapour  density  apparatus  of,  14. 
Milk-sugar.    See  lactose, 
Millon"  sreagent,  523. 
Mixed  crystals,  241. 
ethers,  68. 
ketones,  128. 
Mixtures  of  liquids,  Separation  of,  27, 

28. 
Mobile  equilibrium.  Principle  of,  109, 

119 
Motssan's  theory  of  the  formation  of 

petroleum,  41. 
Molasses,  245,  277. 
Molecular  electric  conducti^4ty,  35. 
formuLp,  12. 

lowering  of  the  freezing-point.  18. 
weight,  Determination  of,  12-21. 
o?  hydrogen,  13. 
Molecule  of  carbon.  21,  22. 
Monoalkyl-phosphines,  92. 

-basic  nydroxv-acids,  216-223. 
unsaturated  acids,  161-167. 
-bromo-acetaldehyde.  260. 
-acetic  acid,  212. 
-benzene,  344,  349,  352,  360.  371. 

372,  382,  384,  398,  432,  461. 
-benzophenone,  392. 
-butylene,  148. 
-erucic  acid,  216. 
-succinic  acid,  201. 
-thiophen,  500. 
-carbonyl  bond,  273. 
«K^hloro-acetal,  289. 
-acetic  acid,  192, 312, 2x3, 219, 245. 
ester,  208,  247, 295. 


Monoalkyl-chloro-benzene,    349,    358, 
360,  399. 

-benzophenone,  392. 
-ether,  185. 
-succinic  acid,  226. 
ester,  208. 
-formin,  180-182. 

-hydroxy-acids.  Aromatic,  430-433. 
-iodo-acetic  acid,  212. 

-benzene,  360. 
-methyl-alloxan,  332. 
-aniline,  371,  ^72, 404. 
-phosphinic  acid,  93. 
-urea,  332. 
-nitrothiophen,  502. 
-sacchariaeSj  254. 

-sodiomalomc  ester,  193,  194,  195, 
196,  208,  209. 
Monoses,  254-272,  280. 

Stereochemistry  of,  269-272. 
Mordanting,  416. 
Mordants,  108,  417,  484. 
Morphine,  517,  518. 

MOUNEYRAT,  175. 

Mucic  acid,  269,  498. 

Mucins,  524,  525.     • 

Multi-rotation,  263,  264,  269. 

Murexide,  329. 

Muscarine^  289.  514. 

Musk,  Artificial,  415. 

Mustard-oils.    See  thioeyanic  acid  im>- 

esters. 
Myosin,  524. 
Myricyl  alcohol,  66. 

N. 

Naphtha,  39. 

Naphthalene,   22,  339.  351,  3641  3^5, 
419.  443.  470-473.  494,  506,  512. 

-dicarboxylic  acid.  Peri  -,  473. 

-dihydride,  472. 

-sulphonic  acid,  a-,  474. 
/9-.474, 

tetrachloride,  477. 
Naphthaquinone,  a-,  476. 

P-.  476. 
Naphthenes,  355. 
Naphthionic  acid,  475. 
Naphthoic  acid,  a-,  473. 

/?-.  473. 
Naphthol,  a-.  379,  471.  474- 

P-.  474. 

-disulphonic  acid,  a-,  475. 

-monosulphon*c  acid,  a-.  475. 

-trisulphonic  acid,  a-,  475. 

-yellow.  475. 
Naphthylamine,  a-,  474,  475,  478. 
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Naphthylamine,  jö-,  474, 475,  478. 
-Bulpnonic  acid   (1:4).     See  nofh- 
thumicadd, 
Narcotine,  518. 
Naphthalene,  22. 
Nascent  hydrogen,  37. 
Nbp,  98,  158,  315. 
Nernst,  337. 
Neurine,  159. 
Nicotiana  tabacum,  516. 
Nicotine,  494,  514,  516. 
Nicotinic  acid,  493, 494,  516. 
Nitramines,  321. 

Nitraniline,  tn-,  413,  414,  427, 439,  447. 
o-,  415,  427,  439. 
7>.,  413,  416,  427,  439- 
Nitranilines,  438, 439,  449. 
Nitric  acid.  Test  for,  371. 
Nitriles,  97-100,  122,  131,  392,  398. 
Constitution  of,  97,  98. 
Hydrolysis  of,  99,  loi. 
Nitrites,  Alky],  88. 

Nitro-benzene,  349,  362,  365,  370,  376, 
377,  379,  380,  381,  382,  397,  416, 
430,  448,  465,  505. 
-diazonium  chloride,  p-,  397. 
-benzoic  acid,  m-,  439,  448. 
o-,  439,  448. 
p-,  439,  448. 
-benzoyl  chloride,  o-.  509. 
cyanide,  o-,  509. 
-formic  acid,  o-,  509. 
-benzyl  chloride,  p-.  468. 
-bromobenzene,  w-.  449. 
o-,  449. 
p-,  449. 
-butane.  90. 

-chloroaniline,  (2.5).  447. 
-cinnamaldehyde,  o-,  500. 
-compounds,    88-91.   349,  364-368, 

414, 415. 

Action  of  nitrous  acid  on,  90.  91. 

Electro-reduction  of,  378-380. 

Prunary.  90.  91. 

Secondary.  90,  91. 

Tertiary,  90.  91. 
-dimethyfaniline,  p-,  373. 
-ethane,  89.  91. 
-glycerine.  183. 
-guanidine.  327. 
-mesidme,  445. 
-methane.  89.  405. 
-naphthalene.  443. 444, 474. 
-paraffins,  88-91 
-phenol,  m-f  427,  429. 

o-,  415,  437,447. 

Ü-,  416,  427  447,  502. 
-phenyl-acetic  acid,  o-,  510. 


Nitro-phenyl-nitromethane,  m-,  367- 
-phtnalic  acid,  443. 
-propane,  Secondary,  90. 
•«alicylic  acids,  433. 

nitrile,  o-,  450. 
-styrole,  405. 
-toluene,  m-,  366,  371. 
(h,  366,  370,  439. 
p-,  366,  370. 
-xylene,  445. 
Nitrogen  atom.  Asymmetric,  374,  375w 
Detection  of,  3-5. 
Estimation  of,  7-9. 
Stereochemistry  of,  392,  393,  468. 
Nitrosamines,  84,  85,  372. 
Nitroso-benzene,  370,  379. 
-dimethylaniliiie,  p-,  373,  426. 

hydrochloride,  373. 
-methylaniline,  372,  404. 
-phenol,  373,  426, 427. 
-pinene.  453. 
-piperidine,  490. 
Nitrous  acid.  Action  on  amines  of,  84» 
85. 

Test  for.  418. 
NÓLTING,  445. 

Nomenclature  of  the  saturated  hydro- 
carbons, 39. 
alcohols,  51,  52. 
amines,  82. 
Nonane,  42 

Nonoses,  261.  269.  280. 
n-Nonyl  alcohol,  52. 
Nonylene,  142. 
Nonylic  acid.  104. 
Normal  carbon  chains,  46. 
primary  amyl  alcohol,  51. 

butyl  alcohol,  51. 
propyl  alcohol,  51 
secondary  butyl  alcohol,  51. 
Nomarcotine,  518. 
Nucleic  acids,  524,  525. 
Nucleins,  520,  525,  526. 
Nucleo- albumins,  524,  525,  526. 
SalU  of.  525. 
'proteJds,  524,  525,  526. 
Number  of  carbon  compounds,  2. 
possible  isomers,  47,  48. 


Octane.  39,  42, 493. 
Octoses,  261.  266.  269. 
n^Octyl-acetoacetic  ester,  29S» 

alcohol,  52. 

-amine,  86. 

iodide,  293. 
Octylene,  142. 
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(Ml  of  bergamot,  454. 

bitter  almonds,  343,  389. 
carraway,  343,  354. 
cumamon,  ^05. 
citron,  454, 456. 
cloves,  438. 
cumin,  343. 
eucalyptus,  354. 
garlic^  160. 

geramum,  455. 
naloes,  456. 

oranges,  454. 

peppermint,  455. 

pine,  454. 

roses,  456. 

rue,  293. 

spireea,  438. 

the  Dutch  Obemists,  176. 

thyme,  354. 

turpentine,  387,  423,  45^*  453. 

winter-green,  430. 
Oils,  Ethereal,  452-454. 
Olefiant  gas.    See  ethylene. 
Olefines,  141-150,  177. 
Oleate,  Lead,  164. 
Oleic  acid,  109, 161,  163-165, 166, 182. 

series,  161-165. 
Oleum  etna;,  454. 
Open  chains,  338. 
Opium,  517,  518. 
Optical  activity,  33,  61. 

isomerism.     See  stereoisomerism. 
Organic  chemistir.  Classification  of,  35. 

Definition  of,  1. 
Orientation,   3^*8,   407,  441-448,   473, 

480,  491,  493,  501.  507. 
Ornithine,  247,  327,  522 

Emil  Fischer's  synthesis  of,  422. 
Ortho-acetic  acid,  107. 
-esters,  102,  177,  184. 
-formic  acid,  172. 

ester,  172. 
OrtAo-compounds,  947. 
Osazones,  256,  273. 
Osmotic  pressure,  13,  16,  17,  19. 
Osones,  266,  267. 
OsT.  233. 

OsT  s  solution,  233,  255. 
OSTWALD,  112. 
OUDEMANS,  515. 

Oxalic  acid,  163,  180-182,  189,  190- 
192,  248,  277,  290,  296,  302,  304, 
308,  328. 
Oxalacetic  acid,  296. 

ester,  296. 
Oxalate,  Ammonium,  308. 
Calcium,  190,  191. 
Ethyl,  296,  303. 


Oxalate,  Potassium,  190. 
ferric,  191. 
ferrous,  191.  ^ 

Sodium,  190. 
Oxaluric  acid,  328.  | 

Oxalylurea.    See  parabanic  add,  * 

Oxamic  acid,  192. 
Oxamide,  192. 
Oxanthranol,  482. 
Oxidation  method  of  analysis,  4. 
Oximes,  130-132,  243,  39X-394* 

Stereoisomerism    of    the    aromatic, 
393. 
Oxindole,  510. 
Oxonium  salts,  305-307,> 
Oscvgen,  Detection  of,  5,  10. 

Determination  of,  10. 

Tetravalency  of,  304,  305, 
Oxy-h£emoglobin,  526. 

-methylene,  137. 
Ozokerite,  40. 


Paetb  van  Troostwyk,  176. 
Palmitic  acid,  104,  109,  zio,  164. 
Papaver  somniferum,  517. 
Paper,  287,  288. 
Parabanic  acid,  328,  329. 
Para^ompounds,  347. 
Paracyano^en,  308. 
Paraffin,  Liquid,  40. 
Paraffins,  39>  353. 
Paraffin-wax,  39,  40. 
Paraldehyde.  134,  138. 
Para-leucaniline,  465. 

-rosaniline.  465,  406. 

dyes.     See  pararosanilines, 

-rosanilines,  466,  4G7. 
Parchment-paper,  288. 
Pasteur,  72,  238,  240,  279. 
Pean  de  St.  Gilles,  1 17. 
Pelargonic  acid,  139,  165,  166. 
Penicillium  glaucum,  240,  437. 
Penta-chloro-benzal  chloride,  408. 
-ethane,  175. 

-hydric  alcohols,  183,  184,  235. 

-methyl-benzonitrile,  450. 

-pararosaniline.     See  metkyl-violei, 

-methylene,  150,  341,  342,  4i4. 
derivatives,  340-342. 
-diamine,  186,  247, 489. 
hydrochloride,  489. 

-triacontane,  38,  42. 

-valent  nitrogen  atom,  86. 
n-Pentane,  42,  69,  150,  174, 488. 
Pentanes,  38,  47,  62, 144. 
Pentonic  acids,  255,  262. 
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Pentosans,  262. 

Pentoses,  255,  262-264,  283,  284,  497. 

Pentosuria,  262. 

Pentyl  iodides,  147. 

Pepper,  493. 

Peptones,  524,  525,  526. 

Percentage-composition,  10-12. 

Percolation,  515. 

Pm-compounds,  472. 

Periodic  svstem,  94. 

Perkin  W.  H.,  Sent.,  301,  406, 437. 

JUN.,  355. 
Petroleum,  39,  40,  355. 

-ether,  39. 

Origin  of,  40,  41,  155. 

Refined,  40. 
"  Pharaoh's  serpents,"  314. 
Phenacetin,  430. 
Phenanthraquinone,  485,  486. 
Phenanthrene,  470,  479, 485,  486,  518. 
Phenetole,  364,  397,  430. 
Phenol,  351,  352,  360,  361,  362,  363, 
364,  397,  399,  402,  417,  421,  424, 
426,  428,  432,  447,  522. 

-sulphonic  acid,  mr,  424. 
o-,  409,  424. 
jy-  412, 424. 

-pnthalein,  421. 
Phenols.  360-363,  368,  389. 

Dihydric,  409. 

Polyhydric,  409-411. 

Test  for,  362, 

Trihydric,  410,  411. 
Phenoxide,  Potassium,  361,  431. 

Sodium,  361,  415,  430,  489. 
Phenoxides,  361. 
Phenoxy-amylamine,  e-,  490. 

-valeric  acid,  ^-,  489. 

-valeronitrile,  ^-,  490. 
Phenyl-acetate,  Ethyl,  300. 

-acetic  acid,  387,  522. 

-acetylene,  405. 

-amine.    See  aniline, 

-arsenic  oxide,  381. 

-arsinic  acid,  381, 382. 

carbonate.  Sodium,  431. 

ether  364 

-hydrazine,  132,  255,  256,  264,  273, 
286,  350.  402-404,  503,  504. 
Jiydrochloride,  403. 
-«ulphonate.  Sodium,  403. 

-hydrazones,  132,  264. 

-hydroxylaminCj  379,  380. 

-/9-hydroxypropionic  acid,  a-.      See 
tropicacia, 

-iodide    chloride.    See    iodobengene 
dichloride. 

'isocrotonic  acid,  471. 


Phenyl-iso-cyanate,  367,  37^. 
-thiocyanate,  376. 
magnesium  bromide,  358. 
•mercury  acetate,  382. 

hydroxide,  382. 
mustard-oil.    See  jphenyl  iaothioqfc^ 

note. 
-nitromethane,  366,  367,  375. 
-phosphenyl  chloride,  381. 
I      -phosphinic  acid,  381,  382. 
'      -phosphine,  381,  382. 
-phosphinous  acid,  382. 
-propiolic  acid,  405. 
-salicylate.  Sodium,  431. 
sulphide,  398. 
-urethane,  375. 
Phcnyleno-diamine,  m-,  414,  4x5,  41& 
445,  447. 
o-,  415. 
p-,  415,  419. 
-disulphonic  acid,  m-,  409. 
Phloroglucinol,  260,  288, 4x0,  4x1. 
-tricarboxylic  ester,  411. 
-trioxime,  411. 
Phorone,  169,  170. 
Phosgene,    ^ee  carbonyl  chloride, 
Phosphenyl  chloride,  381. 
Phosphenylous  acid,  381. 
Phosphine  oxides,  Alkyl-,  92,  93. 
oxide,  Triethyl-,  93. 
oxide,  Trimethyl-,  93. 
Phosphines,  92. 

Phosphinic  acid.  Dimethyl-,  93. 
Monomethyl-,  93. 
acids,  Alkyl-,^  93. 
Phosphinobenzene,  381,  382. 
Phospho-benzene.  381. 

-tungstic  acid,  523. 
Phosphonium  bases.  Quaternary,  92. 
Phosphorus,  Detection  of,  3-5. 

Determination  of,  9. 
Phthalaminic  acid,  439. 
Phthaleins,  42X,  467. 
Phthalic  acid,  419,  420,  444,  463,  476. 
509,  512. 
Test  for,  421. 
acids,  387. 
anhydride,  420,  421, 481,  484. 

Test  for,  421. 
iso-imide,  423. 
Phthalide,  420. 
Phthalimide,  421, 439,  512. 

Potassium,  421,  422. 
Phthalophenone,  420. 
Phthalyl  chloride,  420,  423. 
Physical  properties  of  the  alcohols,  52. 

isomers,  48. 
Picoline,  a-,  492, 493. 
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Picoline,  P-,  49Z>  519. 

Picolines,  491. 

Piclionic  acid,  493, 494. 

Picramide,  428. 

Picrate,  Ammonium,  428,  429. 

Methyl,  428. 

Potassium,  428. 

Silver,  428. 
Picric  acid,  172, 4x4, 427, 428, 447, 448, 
462,  523. 

-naphthalene,  429. 
Picryl  cidoride,  428. 
Pimelate,  Calcium,  342. 
Pimelic^acid,  189. 
Pinacolin,  178. 
Pinacone,  177,  178,  329. 
Pinene,  453, 454, 455. 
'''innks«dt,"417. 
Pinylamine,  453. 

hydrochloride,  453. 
Piperic  acid,  493. 
Hperidine,  186,  4^9, 490, 493,  517. 

nydrocUoride,  489. 
Piperine,  493. 
Pitch,  352. 
Platinotypes,  191. 
Polarimeter,  34,  278. 
Polarization,  Rotation  of  the  plane  of, 

33-35,  61,  62. 
Poles,  Carbon.  149. 
Polvbasic-acids,  188-210,  419-423. 

-tvdric  alcohols,  176-184. 
phenols,  409-411. 

-methylene    derivatives,    150,  340- 
342. 

-OSes,  254  255,  269,  283-289. 

-saccharides.    See  polyoses, 

-terpenes,  452. 
Polymerization,  135. 
PoPE^  95,  240,  374. 

Position,    Absolute   determination  of, 
441,  442-446. 

Relative  determination  of,  441,  442. 
Potash,  Alcoholic,  141. 

bulbs,  6. 
Potaasio-pyrrole,  499. 
Potassium-alkyls  or  alkides,  95. 

carbonyl,  411. 

cyanide,  172,  308,  310,  31  X|  383. 

ethoxide,  318. 

ethylsulphate,  72. 

phenoxide,  361. 

-soap,  110. 
Pressure,  Osmotic,  13,  x6,  17,  19. 

Vapour,  16. 
Primary  alcohols,  52,  58,  59,  102. 

amines,  82-85,  89.  99,  100,  369-371- 
Gabriel's  syntnesis  of,  421,  422. 


Primary  amines,  Test  for,  99. 
arsines,  93. 
carbon  atoms,  46. 
compoimds,  52. 
nitro-compounds,  90,  91. 
Principle  of  ICörnbr,  442,  445,  446. 

mobile  equilibrium,  109, 119. 
Producer-gas,  53. 
Proof-spint,  56,  57. 
Propane,  38.  39,  42,  44,  176. 
Propareyl  alcohol,  158,  z6o. 
-aldehyde,  169. 
-acetal,  169. 
halides,  158. 
Propiolic  acid.  x6o,  207. 

series,  165. 
Propionaldehyde,  68,  127,  146. 
Propionic  acid,  58,  97,  104,  139,  163, 

163;  212,  218,  222,  291,  297. 
Propiomtrile,  98. 
Propyl,  39. 

-acetylene,  153. 

alcohol,  Normal,  51,  62,  57-59,  167, 
160. 
Iso-,  51,  57-59,  177. 
-amine,  82,  83,  85,  86,  X23. 
bromide.  Normal.  70. 
-carbinol.  Normal,  52. 
chloride,  Normal,  70. 
iodide^  Normal,  70,  146. 
-pipendine,  a-,  492. 
4-,  493. 
r-,  493. 
-peeudomtroly  91. 
Propvlene,  142,  146, 176,  x8o,  181, 340, 
341. 
-glycol,  216.  220. 
Propylidene  cnloride,  146,  156,  180. 
Proteids,  244,  247,  282,  327,  520,  524, 

525. 
Proteins,  520,  521^  525. 
Protocatechuic  acid,  434. 
Prussian  blue  test,  5. 
"Prusaiate  of  potash,  Yellow."    See 

ferrocyanide,  potaasium, 
Prussic  acid.     See  hydroofanic  acid. 
Pseudo-acids,  90,  367,  368. 
-bases,  464. 
-nitrols,  91. 

-racemic  mixed  crystals,  241. 
-uric  acid,  331. 
Ptomaines,  186. 
Purine,  331,  333. 
reduction  curve,  Abnormal,  336. 

Normal,  336. 
derivatives.    Electro  -  reduction    of, 
334-337. 
Purity,  Teste  of,  32. 
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PuronCj  335. 

Purpunc  acid,  329. 

Putrescine.    See   UtrametkyleTiediam-' 

ine, 
Pvknometer,  33. 
Pyrazole,  339,  502-504. 
Pyrazoline,  503. 
Pyrazolone,  503. 
Pyrene,  22,  487. 

Pyridine,  167,  256,  267,  268,  299,  339, 
351.  4B8-495,  506,  514,  518. 

-dicarooxvlic  acid.  494,  495. 

methyl  iodide,  489,  490. 

-monocarboxylic  acids,  491, 493, 494. 

salts,  488,  489. 

-sulphonic  acids,  491. 
Pyro-catechin    or    pyrocatechol.     See 
catechol. 

-gallic  acid.     See  pyrogallol, 

-gallol,  410,  434. 

-genetic  reactions,  128. 

-meltitic  acid,  423. 
anhydride,  423. 

-mucic  acid,  497,  498. 

-racemate.  Potassium,  291, 

-lacemic  acid,  216, 231, 290, 291, 296. 

-tartaric  acid,  231. 
Pyrone  derivatives,  302-307. 

-dicarboxylic    acid.     See    chelidanic 
acid. 
Pyrrole,  498,  499»  503,  518. 

-red.  498. 
Pyrrolidine.     See  tetrahydropyrrole, 
Pyrroline.     See  dihydropyrrole. 

Q. 

Qualitative  analysis,  3-5. 
Quantitative  analysis,  5-12. 
Quaternary  ammonium  bases,  82,  83, 
374,  375. 

arsonium  ba.ses,  93. 

carbon  atoms,  46. , 

phosphonium  bases,  92. 

stibonium  bases,  94. 
Quinarred,  518. 
Quinic  acid,  518. 
Quinine,  435,  5x8,  519. 
Quinol,  409,  412,  413,  464. 
Quinoline,  267,  339,  351,  488,  489,  494, 
505-508,  514,  518,  519. 

-carboxyiic  acids,  508. 

derivatives.  Nomenclature  of,  508. 

dichromate,  505 
Quinolinic  acid,  494,  495,  506. 
Quinone.     See  bemoguinone, 

di-imide,  413. 
Quinones,  412-414. 


Quinotannic  acid,  518. 
Quinovic  acid,  518. 
Quinovin^  518. 
Quinoxahnes,  415. 

R. 

Racemate,  Cinchonine,  239. 

Sodium  ammonium,  238,  240,  241. 
Racemic,  234. 

acid.  226,  227.  230,  231,  233,  234, 
235,  236,  239,  240,  282,  290,  350. 

substances,  Separation  of,  238-241. 
Raffinose,  283. 

Paising  of  boiling-point,  16,  17,  20,  21. 
Reactions,  Bimolecular,  83,  120,  321. 

Pyrogenetic,  128. 

Reversible,  117,  133,  134,  320,  325. 

Secondary,  69. 

Unimolecular,  120,  263,  321,  402. 
Refined  petroleum,  40. 
Refraction,  Index  of,  35. 
Reicher,  200. 
Remya  bark,  518. 
Resin,  423. 
Resins,  69. 
Resorcin.     See  reaorciTtol. 

-yellow.      See    dihydroxyazobenzene-' 
sulphonic  acid, 
Resorcinol,  409,  418,  424,  429,  441. 

-phthalein.     See  fluorescein. 

Test  for,  421. 
Reversible  reactions,    X17,    133,    134, 

320,  325. 
"Rhodinal,"430. 
Rhodinol,  456. 
Richter,  M.  M.,  2. 
RoozEBOOM,  Bakhttib,  241. 
Rosaniline,  465,  466.  467. 

dyes. .   See  rosanitines. 

hydrochloride.     See  magenta. 
Rosanilines,  463-466,  467. 
Rosolic  acid,  466,  467. 
Rotation  of  plane  of  polarization,  33- 

35,  61,  62. 
Rotatory  power,  Specific,  34,  35. 
Ruberythric  acid,  483. 
Rvia  graveolens,  293. 


Sabatier,  36,  144, 155. 

and  Senderens,  Methane  63aithea8 
of,  36. 
Saccharate,  Calcium  tri-,  276,  277. 

Potassium  hydrogen,  265. 
Saccharates,  258,  276. 
(2-Saccharic  acid,  205,  271. 
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Saccharification,  54. 
Saccharin,  425. 
Saccharose.    See  sucrose, 
Salicin,  430. 
Salicaldehyde  437,  438. 
Salicylate,  Calcium,  431. 

Methvl,  430. 

Phenyl,  431. 

Sodium,  431. 
Salicylic  acid,  430,  431,  433,  446. 

anhydride,  431,  432. 
Saligenin,  430. 
"Salol,"  431. 

Salting-out,  110,  417,  521. 
Salt  of  sorrel,  191. 

ÖANDMETER,  397. 

Sand-sugar,  274. 

Saponification  of  esters,  72,  x  19-121, 
311. 

fats,  109,  121,  1G3. 
nitriles.     See  hydrolysis, 
Sarcolactic  acid,  221. 
Saturated  dibasic  acids,  188-201. 
hydrocarbons,  36-48,  95. 
Nomenclature  of,  39. 
Sauerkraut,  220. 
SCHIFP,  300. 
SchizomyceteSf  279. 
Schizosaccharomyces  octosporuSf  281. 
Schotten.     See  Baumann  and  Schot- 
ten. 
Schweitzer's  reagent,  287. 
Sebacic  acid,  189. 

Secondary  alcohols,   52,  58,  59,   126, 
130. 
amines,  82,  84,  85,  37i,  372. 
arsines,  93. 

butylcarbinol,  51 ,  60-62. 
carbon  atoms,  46. 
compounds,  52. 
nitro-compounds,  90,  91. 

-propane,  90. 
reactions,  69. 
Selenium  compounds,  80. 
Semi-carbazide,  323. 
-carbazones,  323. 
-terpenes,  452. 
Semidme-transformation,  378. 
Senderens,  36,  155. 
Senier,  311,  316. 
Separating-funnel,  30. 
Separation  of  amines,  83,  85. 
immiscible  liquids,  30,  31. 
mixed  liquids,  27,  28. 
solids  and  liquids,  31. 
from  one  another,  32. 
Sericin,  528. 
Sericoin,  528. 


Series,  Homologous,  41. 
Serturner,  517. 
Side-chain,  348. 
Silico-alkyls,  94,  95. 

-heptane^  95. 
Silicon  chams,  94. 

Chemistry  of,  94. 

disulphide,  319. 

tetraethvl,  94. 
Silk,  Artificial,  288,  289. 

-glue.    See  sericin, 
SiLVA,  180. 
Silver  benzamide,  386. 

-titration.    Volhard's  method,  313. 
Skatole,  510,  522. 
Skraup's  synthesis,  505,  507,  508. 
Smokeless  powder,  288. 
Soap,  no,  182. 

Cleansing  action  of,  110,  111. 

Green,  110. 

Hard,  110. 

Potassium-,  110 

Sodium-,  110. 

Soft,  110. 
Sodio-acetanilide,  372. 

-acetoacetic  ester,  292-294, 297-299. 

-n-amylacetylene,  250. 

-dinitroethane,  368. 

-ethane-tetracarboxylic  ester,  471. 
-tricarboxylic  ester,  209. 

-malonic  esters,  193,  194,  298,  340, 
410,  489. 

-nitroparafhns,  89,  90. 

-phenylisonitromethane,  366. 
Soaium  alcobolates.     See  sodium  alh» 
oxides, 

alkoxides,  49. 

-alk vis  or  alkides,  95,  101.. 

ethoxide  or  ethylate,  66,  172,  194, 
250,  292,  296,  300,  355. 

methoxide  or  methylate,  66, 73, 358, 
415. 

-methyl  or  methide,  101. 

nitroprusside,  5. 

phenoxide,  361,  415,  430,  489. 

propiolate,  165. 

-soap,  110. 
Soft  soap,  110. 
Solids,  Separation  from  liquids  of.  31. 

one  another,  32. 
Solvents,  32. 
Sorbic  acid,  167. 
d-Sorbitol,  265. 
Sorbose-bacteria,  260. 
"Sozoiodol,"424. 
"Sozolic  acid,"  424. 
Spacial  representation  of  the  bonds 
between  2-5  C-atoms,  200. 
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Specific  gravity,  13,  33. 

of  alcohol,  56. 
Spent  lees,  55. 

wash,  55. 
Spirits.  55. 

of  wine,  55. 
Sponein,  527.     , 
Starch,  54, 254,  264,  265,  273,  284-286. 

Manufacture  of,  286. 

Potato-,  285. 

Rice-,  285. 

Rye-,  284. 
Steam  distillation,  28,  29,  30. 
Steamte,  Barium,  164. 
Stearic  acid,  102,  104,  109,  1x0,  164. 
''Stearine"  candles,  110. 
Stearolic  acid,  165,  166. 
Stearyl  alcohol,  102. 
Stereo-chemical  isomerism.   See  stereo- 
isomerism. 

-chemistry  of  nitrogen,  392,  393. 

-isomerism,    60-66,    202-206,    215, 
216,    220,  226-231,    264,    268, 
269-272,  281-283. 
of  the  aromatic  oximes,  393. 
diazo-compounds,  399,  400. 
Stibines,  Tertiary,  94. 
Stibonium  bases,  Quaternary,  94. 
Stilbene,  468,  485,  486. 
Storax,  405,  406. 
Straw-paper,  288. 
Strength  of  acids,  113. 
Structural  formulse,  45,  60. 
Strychnine,  239.  435,  519. 

Antidote  for,  519.  » 

Strychnos  nux  vomica,  519. 
Styphnic  acid,  429. 
Styrole,  405. 
Stubb-fat,  487. 
Suberate,  Calcium,  342. 
Suberic  acid,  189. 
Suberone.     See  ketoheptamethyhne. 
Substituents,  Influence  on  each  other, 

448-451. 
Substituted  acids,  211-247. 
Substitution,  38. 
Succinate,  Ethyl,  200. 

Potassium  ethyl,  198. 
Succinic  acid,  54,  189,  194-196,  198, 
201,  207,  213,  224,  226,  500. 

anhydride,  198. 
Succinamide,  498. 
Succinimide,  199. 

Sucrose,  219,  242,  254,  264,  265,  273, 
274-283. 

Velocity  of  inversion  of,  278,  279. 
Sugar,  190. 

-beet,  245,  274,  276,  278. 


Sugar-cane,  274,  276. 

of  lead,  108. 
Sugars.     Sec  aldehyde  and  ketone  aloo^ 

hols. 
Sulphanilic  acid,  412,  424,  425. 
Sulphinic  acids,  80,  364. 
Sulpho-benzoïc  acid,  m-,  425. 
o-,425. 

sulphamide,  o-,  425. 
-cyanic  acid.  See  thioof ante  acid, 
Sulphonal,  140. 
Sulphonamides,  357,  358. 
Sulphones,  79,  80.  140,  364. 
Sulphonic  acids,  Alkyl-,  79,  80. 

Aromatic,  349,  353,  357,  358, 361. 
Poly-,  408. 
chlorides,  Alkyl-,  80. 
Aromatic,  357. 
Sulphoxides,  79. 
Sulphur,  Detection  of ,  3-5.. 

Determination  of,  9. 
Supertension,  336,  337. 
Syntonin,  522,  523,  524,  626w 

T. 

Tafel,  334-336. 

Tannic  acids.     See  tannins. 

Tannin,  434,  435,  515,  523,  527. 

Tanning,  435,  436. 

Tannins,  435. 

Tar,  351,  352,  470,  488,  498,  499,  505, 

509. 
Tartar  emetic,  231. 
Tartaric  acid,  d-,   226-230,   231-233, 

234,  235,  237,  240,  282,  290. 

I-,  226-228,  230,   233,  234,  237, 
240,  282. 

Meso-.    See  mesotartaric  acid, 

Raccmic.    See  racemic  acid. 
Tartaric  acids,  226-241. 
Tartrate,  Calcium,  231. 
Cinchonine,  239. 
Potassium,  231. 
Tartrate,  Potassitim,  antimony!,  231, 

hydrogen,  231. 
Copper  sodium,  232. 
Sodmm  ammonium,  238. 
Tartronic  acid,  179,  180,  225. 
Tautomerism,  297-302,  322,  326,  333, 

411. 
Tautomers,  Methods  of  detecting  the 

transformation  of,  301,  302. 
Separation  of,  300. 
Tellurium  compounds,  80. 
Tension  theory,  von  Babtsr's,  150, 

199  341,  342. 
Terephthalic  acid,  343,  423,  462. 
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Terminal  caibon  atoms,  46. 
Terpenes,  155,  354,  453-458. 
Terpin,  454,  455. 

hydrate,  454, 455. 
Terpineol,  455. 
Terpinolene,  457. 
Tertiary  alcohols,  5a,  60, 116, 117, 130, 

141,  358,  361. 
amines,  82,  84,  85,  99,  372-374- 
arsines,  93. 
bismutnines,  94. 
butylcarfoinol,  51,  60. 
cubon  atoms,  46 
compounds,  52. 
nitro-compounds,  90,  91. 
Test,  CVanide,  5. 
for  absolute  alcohol,  56. 

double  linking,  142. 

ethyl  alcohol,  57,  173. 

hyctoxy;!,  114, 115. 

mtric  acidly  371. 

nitrous  acid,  418. 

phenols,  362. 

phthalic  acid  and  anhydride,  421. 

primary  amines,  99. 

resorcind,  421. 
Prussian  blue,  5. 
Tests  for  aldehydes,  136,  137. 

aniline,  370. 

carbonyl,  132. 
of  purity,  32. 
Tetra-acetylenedicarboxylic  acid,  207. 
-alkylammonium  iodides,  83,  84. 
-banc  acids,  209,  210. 
-bromo-ethane,  479. 

-fluorescein,  421. 

-methane,  170,  318. 
-chloro-benzotrichloride,  408. 

-ethylene,  175 

-methane,  170,  173,  3x8. 

-quinone,  414. 
•decane,  42. 

-hydric  alcohols,  183,  184. 
-hydro-benaene,  355. 

a-naphthylaminc,  478. 

^-naphthylamine,  477, 478. 

-pyrrole,  499,  517. 
-hydroxystearic  acid,  167. 
-methyl-ammonium  hydroxide,  86. 

-diaminotriphenyl-carbinol,  463. 
-methane.      See  leucomalachite- 
green. 

-succinic  acid,  211. 

-uric  acid,  334. 
-methylene  bromide,  340. 

deriyatives,  340. 

-diamine,  186,  247. 

-dicarboxylic  ester,  340. 


Tetra-yalency  of  caibon,  23. 
Tetrolic  acid,  166. 
Tetroses,  262. 
Th^ne.    See  eajfelne. 
Theobromine,  331,  333,  333,  514. 
Thienylmethylketone,  a-,  501. 
Thio-acids,  121. 
-aldehydes,  140. 

-cyanate.    Ammonium,    335,    326,. 
327. 
Barium,  313. 
Ferric,  313. 
Lead,  490. 
Mercuric,  314. 
Potassium,  313. 
Silyer,  313. 
-cjranic  acid,  313,  314. 
iso-esters,  314,  319,  325. 
normal  esters,  314. 
-ethers,  77,  79,  364. 
-ketones,  140. 
-methylene,  315. 
-phenol,  349,  363. 
-phenols,  358. 
-tolens,  499,  501. 
-urea,  325,  326. 
-ureas,  Alkyl-,  325. 
Thiophen,  339,  ^99-503. 
-carboxylic  acid,  a-,  501. 

i5-,  501. 
-ketones,  501. 
-phenol,  502. 
-sulphonic  acid,  500,  501. 
Thioptienine,  502. 

hydrochloride,  502. 
Thioxen,  499. 
Thymol,  363. 
Tickle,  304. 
Tiglic  acid,  161. 
Tin  atom.  Asymmetric,  95. 
Toad-stool,  289. 
Tolan,  468. 

Toluene,  343,  351,  352-354»  358,  359, 
383,  388,  425,  499. 
-sulphonamide,  o-,  425. 
-sulphonic  acid,  o-,  425. 
p-,  425. 
Toluic  acid,  p-,  452. 

acids,  387.  i 

Toluidine,  w-,  371. 
o-,  370,  465. 
p-,  370,  371,  465. 
hydrochloride,  473. 
Tolylphenylketone,  392,  479. 
Tri-aretoneamine,  139.    • 
-acetylbenzene  (1:3:  .5),  350. 
-alky  1-phosphi nes,  92. 
-sulphomum  iodide,  307. 
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Tri-amino-azobenzene,  418,  419. 

-benzene,  419. 

-triphenylcarbinol,  465. 
-amvlene,  145. 
-bacac  acids,  208,  209. 
-benzvlamine,  375. 
-bromhydrin,  160,  175,  180,  208. 
-bromo-aniline,  369. 

-phenol,  362. 

-propane,  155. 

-resorcinol,  409. 
-carballylic  acid,  308,  209. 
-chlorhydrin,  180. 
-chloro-acetal,  251,  252. 

-acetaldehyde,  171,  251,  252. 

-acetic  acid,  2x3,  2x3,  252. 

-ethylene,  175. 

-phenol,  426. 

-purine  (2:6:8),  333. 
-cyanhydrin,  208. 
-ethyl-amine,  87. 

-methane,  95. 

-phosphine,  93. 
oxide,  92. 
-hydric  alcohols,  179-183. 
-hydroxy-acids,  434,  435. 

-benzene  (1 : 2:3).     See  'pyrogaJlol, 
(1:3:5).     See  phloroglticinol. 

-(5lutaric  acid,  262,  265,  270-272. 

-isobutyric  acid,  259. 
-iodhvdrin,  181. 
-ketohexamethylene.       See   pkhro- 

glucinol. 
-methyl-acetic  acid,  211. 

-acetyl  chloride,  178. 

-amine,  82,  86,  87.  159,  186,  245. 

-benzene  (1:3: 5).    See  mestiylene. 

-carbinol,  51,  S9> 
iodide,  147. 

-ethylmethane,  48. 

-oxonium  iodide,  307. 

-phosphine  oxide,  93. 

-pyriaines.     See  collidines, 

-succinic  acid,  459. 
-methylene,  340,  341. 

bromide,  175,  176,  177,  186,  340, 
422. 

-carboxylic  acid,  340. 

cyanide,  186. 

-glycol,  177. 
-nitro-benzene  (1:3:  5),  4x4,  448, 
451. 

-butylxylene,  415. 

-phenol  (1:2:4:6).  ^le^e  picric  add. 

-toluene  (1:2:4:6),  451. 

-triphenylmethane,  465. 
-phenyl-amine.  368,  372,  375. 

s^arbinolcarooxylic  acid,  420. 


Tri-phenyl-chloromethane,  467. 

-methane,  374,  389,  421,  463,  465, 

467. 
-methyl,  467. 
iodide,  467. 
peroxide.  467. 
-rosaniline  nydrochloride.   Seear»- 
iline-blue. 
-stearin,  182. 
-flulphones,  140. 
-thio-acetaldehyde,  140. 
-acetone,  140. 
-carbonate.  Barium,  318. 

Potassium,  318. 
-carbonic  acid,  318. 
-methylene,  314. 
-valency  of  carbon,  467. 
Tribe,  Zinc-copper  couple  of  Gijl]>- 

STONE  and,  37, 144. 
Tricosane,  42. 
Trioses,  25s,  262,  280. 
Tropic  acid,  5x6,  517. 
Tropine,  516,  517. 
Trypan,  522. 
Tuoe  furnace,  9.» 
Turkey-red,  484. 

Turpentine,  Oil  of,  387,  423,  452-^54. 
Tyrosine,  436,  522,  528. 

U. 

Undecane,  42. 
TJndecylene,  142. 
TJndecylenic  acid,  161. 
TJnimolecular  reactions,  X20,  263,  402. 
Unsaturated  acids,  afi-,  218. 
^r-,  218. 
Monobasic,  161-167,  406. 

alcohols,  158-160,  405. 

aldehydes,  168,  169. 

dibasic  acids,  201-207. 

halogen  compounds,  156. 

hydrocarbons,  141-155,  405. 

ketones,  169,  170. 
Urate,  Lithium,  331. 

Sodium,  331. 
hydrogen,  331. 
Urea,  316,  317,  3x9-323,  327-330,  332. 

Estimation  of,  323. 

Iso-,  322. 

Methyl-,  322. 
-iso-,  322. 

nitrate,  3x9,  320,  321. 

oxalate,  322. 

Synthesis  of,  1,  320,  321. 
Ureas,  Dialkyl-,  321. 
Ureides.     See  acid-uréides, 
Ureido-acids,  328. 
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TTrethanes,  324. 
Uric  acid,  328-335. 
Urochloralic  acid,  253. 

V. 

Vacuum  distillation,  25,  26. 
Valency,  23. 
Valeraldehyde,  127. 
Valeric  acid,  104,  194,  222. 
Talero-lactonc,  213. 

-nitrile,  246. 
Vanilla,  343,  438. 
Vanillin,  438. 
Vapour  pressure,  16. 

density  determination,  13-16. 
Hofhann'r  method,  16. 
ViCTOfR  Metxr's  method,  14,  15. 
of  carbon,  21. 

tension  tsurves,  28. 
Vaseline.  40. 
Veffetable-bases,  514. 
Velocity  of  formation  of  tetraalkylam- 

monium  iodides,  83,  84. 
ViLLIOER,  306. 
Vinegar,  106. 
VinvT-acetic  acid,  168,  297. 

alcohol,  158,  159. 

bromide,  156, 158. 

chloride,  158. 

-ethylene,  150. 
Violunc  acid,  330. 
Vital  force,  1. 
Vitellin,  524. 

VOLHABD,  313. 

Volume-^percentage  of  aloohol,  66. 
Vulcanite,  318. 

W. 

WADlf  OHB,  916. 

Walden,  223,  305. 
TValkbr,  James,  320. 
Walker,  Jamiesont,  450. 
Wallace,  453, 454. 
Weioel,  24. 
Whey,  273. 
White  lead,  108. 

WiLir  ARTE,  B. 


Williamson's  ether  qmthesis,  72,  73. 
Wine,  55. 

Spirits  of,  55. 
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•  Fiebeger's  Text-book  on  Field  Fortification Small  8vo,  2  00 

Hamilton's  The  Gunner's  Catechism 18mo,  1  00 

•  Hoff's  ElemenUry  Naval  Tactics 8vo,  I  50 

Ingalls's  Handbook  of  Problems  in  Direct  Fire 8vo,  4  00 

•  "        BaUisüc  Tables 8vo,  160 

Lyons's  Treatise  on  Electromagnetic  Phenomena 8vo,  0  00 

•  Mahan's  Permanent  Fortifications.  (Mercur.)..8vo,  half  mor.,  7  60 
Manual  for  Courts-martial lOmo,   morocco,  1  60 

•  Mercur's  Attack  of  Fortified  Places 12mo,  2  00 

•  "        ElemenU  of  the  Art  of  War 8vo,  4  00 

Metcalfs  Cost  of  Manufactures — ^And  the  Administration  of 

Workshops,   Public   and  Private 8yo,  6  00 

•  **       Ordnance  and  Gunnery 12mo,  6  00 

Murray's  Infantry  Drill  Regulations 18mo,  paper,  10 

•  Phelps's  Practical  Marine  Surveying 8vo,  2  60 

Powell's  Army  Officer's  Examiner 12mo,  4  00 

Bharpe's  Art  of  Subsisting  Armies  in  War 18mo,  morocco,  1  60 

•  Walke's  Lectures  on  Explosives 8vo,  4  00 

•  Wheeler's  Siege  Operations  and  Military  Mining «.  .8yo,  2  00 

Winthrop's  Abridgment  of  Military  Law 12mo,  2  60 

Woodhull's  Notes  on  Military  Hygiene 16mo,  1  60 

Young's  Simple  Elements  of  Navigation lOmo,  morocco^  1  00 

Second  Bdition,  Enlarged  and  Berised lOmo,  mor.,  2  00 

t 


ASSATDTQ. 

netcher's  Practical  InBtrucUons  in  Quanütaüve  Assaying  with 

the  Blowpipe. 12mo9  morocco,  1  60 

Funnan's  Manual  of  Practical  Assaying 8to,  8  00 

Miller's  Manual  of  Assaying 12mo,  1  00 

ODrisooirs  Notes  on  the  Treatment  of  Gold  Ores Svo,  2  00 

Ricketts  and  Miller's  Notes  on  Assaying 8yo^  8  00 

Wilson's  Cyanide  Processes 12mo»  1  60 

"        dblorination  Process 12mo,  1  60 

ASTBONOMT. 

Oomstock's  Field  Aatronomy  for  Engineers 8vo,  2  50 

Craig's  Azimuth 4to,  8  60 

Doolittle's  Treatise  on  Practical  Astronomy 8yo,  4  00 

Gore's  Elements  of  Geodesy 8to,  t  60 

Hayford's  Text-book  of  Geodetic  Astronomy 8yo,  8  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy. . .  .8to,  2  60 

*  Michie  and  Harlow's  Practical  Astronomy 8yo,  3  00 

*  White's  Elements  of  Theoretical  and  DescripÜve  Astronomy. 

12mo,  2  00 

BOTAHT. 

Baldwin's  Orchids  of  New  England Bmall  Svo,  1  60 

Dayenport's  Statistical  Methods,  with  Special  Reference  to  Bio- 
logical Variation 16mo,  moroooOf  1  2$ 

Thome  and  Bennett's  Structural  and  Phyaiological  Botany. 

16mo,  2  26 

Westermaier's  Compendium  of  General  Botany.  (Schneider.)  8yo,  2  00 

CHEKISTBT. 

Adrianoe's  Labonjtory  Calculations  and  Spedilc  Gravity  Tables. 

12mo,  1  26 

Allen's  Tables  for  Iron  Analysis 8yo,  8  00 

Arnold's  Compendium  of  Chemistry.  (Mandel.)   {In  preparation.) 

Austen's  Notes  for  Chemical  Student» 12mo^  1  60 

Bemadou's  Smokeless  Powder. — ^Nitro-oellulose,  and  Theory  of 

the  Cellulose  Molecule 12mo,  2  60 

Bolton's  Quantitatiye  Analyvis. 8yo,  1  60 

Brush  and  Peniield's  Manual  of  Determinatiye  Mineralogy ...8yo,  4  00 
CSaasen's  Quantitatiye  Chemical  Analysis  by  Electrolysis.   (Her- 

rick— Boltwood.)   8yo,  3  00 

Cohn's  Indicators  and  Test-papers 12mo,  2  00 

Craft's  Short  Course  in  Qualitative  Chemical  Analysis.  (Schaef- 

ferO   12mo,  2  00 

Dreehsel's  Chemical  Reactions.     (Merrill.) 12mo,  1  26 

Eissler's  Modem  High  Ezplosiyes 8yo,  4  00 

Bffront's  Enzymes  and  their  Applications.    (Prescott.) 8yo,  8  00 

Srdmann's  Introduction  to  Chemical  Preparations.    (Dunlap.) 

12mo,  1  26 
Fletcher's  Practical  Instructions  in  Quantitative  Assaying  with 

the  Blowpipe 12mo,  morocco,  1  60 

Fowler's  Sewage  Works  Analyses. 12mo,  3  00 

Freaenius's  Manual  of  Qualitative  Chemical  Analysis.  (Wells.)  8vo,  6  00 
"        Manual  of  Qualitative  Chemical  Analysia    Part  I. 

Descriptive.    (Wells.) 8vo.  8  00 

"         System  of  Instruction  in  Quantitatiye  Chemical 

Analysis.      (Allen.)... 8vo,  0  00 

8 


FuertM's  Water  and  PuDlie  Health 12mo,  1  60 

Furman's  Manual  of  Practical  ABsaying 8to,  S  (X^ 

Gill's  Gaa  and  Fuel  Analvaia  for  Engineers 12mo,  1  26 

Orotenfelt's  Principles  of  Modern  Da&7  Practice.  ( WoU.)  »l2mo,  2  00 
Hammarsten's  Text-book  of  Piiysiologieal  Caiemisdnr.  (MandeL) 

870»  4  0a 

Helm's  Principles  of  Mathematical  Chemistry.  (Morgan.)  12mo,  1  60 

Hinds's  Inorganic  Chemistry Svo,  8  00 

*  "       Laboratory  Manual  for  Students 12mo,  7^ 

Holleman's  Text-book  of  Inorganic  Chemistry.  (Cooper.) . . .  %vo,  2  60 

"       ••     "  Organic  "    (Walker  and  Mott) 

{In  preparation.) 

Hopkins's  Oil-chemists'  Handbook 8vo,  8  00 

Keep's  Cast  Iron 8to,  2  60 

Ladd's  Manual  of  Quantitative  Chemical  Analysis 12mo,  1  00 

Landauer's  Spectrum  Analysis.     (Tingle.) 8vo,  8  (Ml 

Lassar-Cohn's  Practical  Urinary  Analysis.  (Lorenx.)  {In  preparatiom.} 
Leach's  The  Inspection  and  Analysis  of  Food  with  Special  Kefer- 

ence  to  State  Control.     {In  preparation.) 
LOb's  Electrolysis  and  Eleetroi^nthesis  of  Organic  Compounds. 

(Lorenz.)  12mo^  100 

Handel's  Handbook  for  Bio-chemical  Laboratory 12mo,  1  60 

Mason's  Water-supply.     (Considered  Principally  from  a  Sani- 
tary Standpoint.)  3d  Edition,  Rewritten 8yO|  4  00 

**       Examination    of    water.      (Chemical    and    Bacterio- 

logicaL)  12mo,  1  26 

Meyer's   Determination    of   Radicles    in    Carbon    Compounds. 

(Tingle.) 12mo,  1  00 

Miller's  Manual  of  Assaying 12mo,  1  00 

Mixter's  Elementary  Textrbook  of  Chemistry 12mo,  1  60 

Morgan's  Outline  of  Theory  of  Solution  and  its  Results.  .12mo9  I  00 

**       Elements  of  Physical  Chemistry 12mo,  2  00 

Nichols's  Water-supply.     (Considered  mainly  from  a  Chemical 

and  Sanitary  Standpoint,  1883.) 8yo,  2  60 

O'Brine's  Laboratory  Guicle  in  Chemical  Analysis 8vo,  2  00 

ODriscoll's  Notes  on  the  Treatment  of  Gold  Ores 8yo,  2  00 

Ost  and  Kolbeck's  Text-book  of  Chemical  Technology.      (Lo- 
renz— Bozart.)     {In  preparation.) 

*  Penfield's  Notes  on  Determinative  Mineralogy  and  Record  of 

Mineral  Tests 8to,  paper,  0  60 

Pinner's  Introduction  to  Organic  Chemistry.     (Austen.)     12mo,  1  60 

Poole's  Calorific  Power  of  Fuels 8to,  8  00 

*  Reiftig's  Guide  to  Piece-dyeing 8to,  26  00 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sanitary 

Standpoint 8to,  2  00 

Richards'a  Cost  of  Living  as  Modified  by  Sanitary  Science   ]2mo,  1  00 

**         Cost  of  Food,  a  Study  in  Dietaries 12mo,  1  00 

*  Richards  and  Williams's  The  Dietary  Computer 8to,  1  60 

Ricketts  and  Russell's  Skeleton  Notes  upon  Ldoiganie  Chem- 
istry.    (Part  I. — Non-metallic  Elements.) .  .8to,  morocoo,  76 

Ricketts  and  Miller's  Notes  on  Assaying Bvo,  8  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage.  .8to^  8  60 

Ruddiman's  Incompatibilities  in  Prescriptions 8to,  2  00 

Bchimpf  8  Text-book  of  Volumetric  Analysis 12mo,  2  60 

Spencer's  Handbook  for  (demists  of  Beet-sugar  Houses.  lOmo, 

mor.,  8  00 
"       Handbook  for  Sagar  Manufacturers  and  tSieir  Chem- 
ists   lOmo,  morocoo,  2  00 

Btockbridge's  Rocks  and  Soils 8yo,  2  60 

4 


*  TUlman's  Elementaiy  Leisons  in  Heat 8tO|  1  M 

*  "        DeBcriptive  Greneral  Chemistry 8vo,  3  00 

Turneanre  and  Ruasell's  Public  Water-supplies 8to,  6  00 

Van  Deventer's  Physical  Chemistry  for  Beginners.     (Boltwood.)^ 

12mo,  1  60 

*  Walke's  Lectures  on  Explosives 8vo,  4  00 

Wells's  Laboratory  Guide  in  Qualitative  Chemical  Analvsis.^vo,  1  50 

"      Short  Course  in  Inor^nic  Qualitative  Ohemical  Analy- 
sis for  Engineering  Students 12m0|  1  60 

Whipple's  Microscopy  of  Drinking-water 8vo,  3  50 

Wiechmann's  Sugar  Analysis Small  Svo,  2  50 

Wilson's  Cyanide  Processes ^ 12mo,  1  60 

*'        Chlorination  Process 12mo,  1  60 

Wulling's  Elementary  Course  in  Inorganic  Pharmaceutical  and 

Medical  Chemistry 12mo,  2  00 

CIVIL  ENOINEEBINO. 

BRIDGES     AND     ROOFS.       HYDRAULICS.      MATERIALS  OF 
ENGIHEERIirO.     RAILWAY  ENGINEERING. 

Baker's  Engineers'  Surveying  Instruments 12mo,  3  00 

Bixby's  Graphical  Computing  Table... Paper,  19^x24^  inches.  26 
♦♦  Burr's  Ancient  and  Modem  Engineering  and  the  Isthmian 

►'-         Canal (Postage,  27  cents  additional)     8vo,  net,  3  50 

Comstock's  Field  Astronomy  for  Engineers. 8vo,  2  60 

Davis's  Elevation  and  Stadia  Tables 8vo,  1  00 

Elliott's  Engineering  for  Land  Drain  ace 12mo,  1  50 

Fol well's  Sewerage.    (Designing  and  Maintenance.) 8vo,  3  00 

Freitag's  Architectural  Engineering.    2d  Ed.,  Rewritten. .  .8vo,  3  60 

French  and  Ives's  Stereotomy 8vo,  2  60 

Goodhue's  Municipal  Improvements 12mo,  1  76 

Goodrich's  Economic  Disposal  of  Towns'  Refuse 8vo,  8  60 

Gore's  Elements  of  Geodesy 8vo,  2  60 

Hayford's  Text-book  of  Geodetic  Astronomy 8vo,  3  00 

Howe's  Retaining- wal  Is  for  Earth 12mo,  1  26 

Johnson's  Theory  and  Practice  of  Surveying Small  8vo,  4  00 

"         Statics  by  Algebraic  and  Graphic  Methods 8vo,  2  00 

Kiersted's  Sewage  'Disposal 12mo,  1  26 

lAplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and 

Emory.) 12mo,  2  00 

Mahan's  Treatise  on  Civil  Engineering.   (1873.)    (Wood.) .  .8vo,  6  00 

*  Mahan's  Descriptive  Geometry Svo,  1  60 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy 8vo,  2  60 

Merriman  and  Brooks's  Handbook  for  Surveyors 16mo,  mor.,  2  00 

Merriman's  Elements  of  Sanitary  E2ngineering Svo»  2  00 

Nugent's  Plane  Surveying 8vo,  3  60 

Ogden's  Sewer  Design 12mo,  2  00 

Patten's  Treatise  on  Civil  Engineering 8vo,  half  leather,  7  60 

Reed's  Topographical  Drawing  and  Sketching 4to,  6  00 

Rideal's  Sewage  and  the  Bacterial  Purification  of  Sewage..  .8vo,  3  60 

Biebert  and  Biggin's  Modem  Stone-cutting  and  Masonry 8vo,  1  60 

Smith's  Manual  of  Topographical  Drawing.    (McMillajL) .  .8vo,  2  60 

*  Traut\\ine's  Civil  Engineer's  Pocket-book. . .  .lOmo,  morocco,  6  00 
Wait's  Engineering  and  Architectural  Jurisprudence 8vo,  0  00 

.  Sheep,  0  60 
"      Law  of  Operations  Preliminary  to  Oonstmction  in  En- 
gineering and  Architecture 8to,  6  00 

Sheep,  6  60 

Wait's   Law   of  Contracts 8vo,  3  00 

Warren's  Stereotomy — Problems  in  Stone-cutting 8vo,  2  60 

6 


Webb's  ProblemB  in  the  Use  and  AdjuBtment  of  Engineering 

Instruments 16mo,  morocco,  1  20 

*  Wheeler's  Elementary  Couirse  of  Civil  Engineering 8to,  4  00^ 

WilsoiCs  Topographic  Surveying 8vo,  S  50 

BBIDOES  AND  BOOFS. 
Boiler's  Praotical  Treatise  on  the  Gonstruction  of  Iron  Highway 

Bridges 8vo,  2  Ot 

*  Boiler's  Thames  River  Bridge 4to,  paper,  6  00 

Bnrr's  Course  on  the  Stresses  in  Bridges  and  Roof  Trasses, 
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Part  IV.— Higher  Structuret 8vo,  2  60 
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Hazlehurst's  Towers  and  Tanks  for  Water-works 8vo,  8  50 

Herschel's  115  Experiments  on  the  Carrying  Capacity  of  Large, 

Riveted,  Metal  Conduits 8vo,  2  80 

6 


i'i  Water-supply.     (Considered  Pruudp&lly  from  a  Sani- 
tary Standpoint) 8vo^  4    0 

Merriman's  Treatise  on  Hydraulics 8to,  4  00 

*  Michie's  Elements  of  Analytical  Mechanics Sto,  4  00 

Behuyler's  Reservoirs  for  Irrigation,  Water-power,  and  Domestic 

Water-supply Large  8vo,  5  00 

Tomeaure  and  Russell.    Publio  Water-supplies Svo,  5  00 

Wegmann's  Design  and  Construction  of  JJams 4to,  6  00 

•*  Water-supply  of  the  City  of  New  York  from  1058  to 

1806 4to,  10  00 

Welsbach's  Hydraulics  and  Hydraulle  Motora.   (Du  Bois.) .  .8to,  6  00 

Wilson's  Manual  of  Irrigation  Engineering Small  8vo,  4  00 

Wolff's  Windmill  as  a  Prime  Mover 8yo,  3  00 

Wood's  Turbines 8vo,  2  fiO 

"      Elements  of  Analytics .      fschanics 8yo,  3  00 


UATEEIALS  OF  ENOINEERINO. 

Baker's  Treatise  on  Masonry  Construction 8to,  6  00 

'*        Roads  and  Pavements 8vo,  5  00 

Black's  United  States  Public  Works Oblong  4to,  6  00 

Bovey's  Strength  of  Materials  and  Theory  of  Structures 8vo,  T  fiO 

Burr's  Elasticity  and  Resistance  of  the  Materials  of  Engineer- 
ing    ,..8to,  6  00 

Byrne's  Highway  Construction 8vo,  6  OO 

'*        Inspection  of  the   Materials  and  Workmanship  Em- 
ployed in  Construction 16mo,  I  00 

Church's  Mechanics  of  Engineering 8yo,  0  00 

Du  Bois's  Mechanics  of  Engineering.    Vol.  I Small  4to,  7  60 

Johnson's  Materials  of  Construction Large  8to,  0  00 

Keep's  Cast  Iron 8vo,  8  60 

Lanza's  Applied  Mechanics 8vo,  7  60 

Martens's  Handbook  on  Testing  Materials.  (Henning.).2  y.,  8vo,  7  60 

Merriirs  Stones  for  Building  and  Decoration Sto,  6  00 

Merriman's  Text-book  on  the  Mechanics  of  Materials 8yo,  4  00 

Merriman's  Strength  of  Materials 12mo,  1  00 

Metealf  s  Steel.    A  Manual  for  Steel-users 12mo,  2  00 

Patton's  Practical  Treatise  on  Foundations 8 vo,  6  00 

Rockwell's  Roads  and  Pavements  in  France 12mo,  1  26 

Smith's  Wire:  Its  Use  and  Manufacture Small  4to,  S  00 

"       Materials  of  Machines 12mo,  1  00 

Snow's  Principal  Species  of  Wood.     (In  preparation,) 

Spalding's  Hydraulic  Cement 12mo,  2  OO 

''         Teri-book  on  Roads  and  Pavements 12mo,  2  00 

Thurston's  Materials  of  Engineering 3  Parts,  8vo,  8  00 

Part  I. — Non-metallic  Materials  of  Engineering  and  Metal- 
lurgy   8vo,  2  00 

Part  II.— Iron  and  Steel 8vo,  8  iO 

Part  III. — A  Treatise  on  Brasses,  Bronzes  and  Other  Alloys 

and   Their  Constituents 8vo,  2  60 

Thurston's  Text-book  of  the  Materials  of  Construction 8vo,  6  00 

Tlllson's  Street  Pavements  and  Paving  Materials 8vo,  4  00 

Waddell's  De  Pontibus.    (A  Pocket-book  for  Bridge  Engineers.) 

lomo,  morocco,  8  00 

"        Specifications  for  Steel  Bridges 12mo,  1  li 

Wood's  Treatise  on  the  Resistance  of  Materials,  and  an  Ap- 
pendix on  the  Preservation  of  Timber 8vo,  2  00 

*        SÜements  of  Analytical  Mechanics 8to,  8  00 
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RAILWAY  EürOimBEBIHO. 

Aadrews's  Handbook  for  Street  Railway  EngineeiB.  3x5  in  mor.,  1  2^ 

Jerg's  Buildings  and  Structures  of  American  Bailroade. .  .4to,  6  00 

Broekt's  Handbook  of  Street  Railroad  Location.. lOmo,  moroooo,  1  iO 

Bntta't  Giyil  Engineer's  Field-book 16mo,  morocoo,  2  80 

Ghuouiall's  transition  Curve 16mo,  morocco,  1  80 

"        RaUwaj  and  Other  Earthwork  Tables 8yo,  1  80 

Dawion'i  Electric  Railways  and  Tramways. Small  4to,  half  mor.,  12  80 

«       «I^igineering"  and  Electric  iVaction  Pocket-book. 

16mo,  morocco,  4  00 

Dredge's  History  of  the  Pennsylyania  Railroad:     (1870.)  .Paper,  8  00 

*  Drinker's  Tunneling,  ExplosiT»  Compounds,  and  Rock  Dnlli. 

4to,  half  morocco,  26  00 

Usher's  Table  of  Cubic  Yards Cardboard,  28 

Godwin's  Railroad  Engineers'  Field-book  and  Explorers'  Guide. 

16mo,  morocco,  2  80 

Howard's  Transition  Curve  Field-book 16mo,  morocco,  1  80 

Hudson's  Tables  for  Calculating  the  Cubic  Contents  of  Exca- 
vations and  Etaibankments 8vo^  1  00 

Molitor  and  Beard's  Manual  for  Resident  Engineers 16mo,  1  00 

Ksffie's  Field  Manual  for  Railroad  S^agineers. . . .  16mo,  morocco,  S  00 

PhUbrick's  Field  Manual  for  Engineers 16mo,  morocco,  S  00 

Pratt  and  Alden's  Street-railway  Road-bed 8vo,  2  00 

Isarles's  Field  Engineering 16mo,  morocco,  S  00 

"       Railroad  Spiral 16mo,  morocco,  1  80 

Trior's  Prismoidal  Formuis»  and  Earthwork 8vo,  1  80 

^IVautwino's  Method  of  Calculating  the  Cubic  Contents  of  Ex- 
cavations and  Embankments  by  the  Aid  of  Dia- 
grams   8vo,  2  00 

*  "  The  Field  Practice  of  Laying  Out  Circular  Curves 

for  Railroads 12mo,  morocco,  2  80 

*  **           Cross-section  Sheet Paper,  28 

Webb's  Railroad  Construction. 8vo,  4  00 

Wellington's  Economic  Theory  of  the  Location  of  Railways. . 

SmaU  8vo,  8  00 

DRAWING. 

Barr's  Kinematics  of  Machinery 8vo,  2  80 

*  Bartlett's  Mechanical  Drawing 8vo^  S  00 

Coolidge's  Manual  of  Drawing 8vo,  paper,  1  00 

Durley's  Kinematics  of  Machines 8vo,  4  00 

Hill's  Text-book  on  Shades  and  Shadows,  and  Perspective.. 8vo,  2  00 
Jones's  Machine  Design: . 

Part  L— Kinematics  of  Machinery 8vo,  1  80 

¥êii  n.— Form,  Strength  and  Proportions  of  Parts 8vo,  8  00 

MacCord's  Elements  of  Descriptive  Geometry 8vo,  8  00 

**         Kinematics;  or,  Practical  Mechanism 8vo,  8  00 

"          Mechanical  Drawing 4to^  4  00 

**         Velocity  Diagrams 8vo^  1  80 

*Mahan's  Descriptive  Geometry  and  Stone-cutting 8vo,  1  80 

Mahan's  Industrial  Drawing.    (Thompson.) 8yo,  S  80 

Bead's  Topographical  Drawing  and  Sketching 4to^  8  00 

Beid's  Course  in  Mechanical  Drawing 8vo^  2  00 

"      Text-book  of  Mechanical  Drawing  and  Elementary  Ma- 
chine  Design 8v0b  0  00 

Xobinson's  Principles  of  Mechanism 8vo,  8  00 
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Smith's  Manutl  of  Topographical  Drawing.     ( McMillan. ).8to,  2  M 
Warren's  Memento  of  TUne  and  Solid  Free-hand  Geometrical 

Drawing  12mo,  1  00 

"       Draftinglnatramento  and  OperationB 12mo,  1  t6 

•*       Manual  of  Elementary  Projection  Drawing. . . .  ISmo.  1  60 
**       Manual  of  Elementaiy  ProDlema  in  the  Linear  Per- 

epectiye  of  Form  and  Shadow 12mo,  1  00 

"       Plane  Problems  in  JSlementary  Geometry 12mo,  1  t6 

••       Primarr  Geometry 12mo,  7i 

"  '     Elements  of  Descnptiye  Geometry^  Shadows,  and  Per- 

spectiye    Svo,  S  60 

«       General  Problems  of  Shades  and  Shadows 8vo,  S  00 

**       Elemento  of  Machine  Construction  and  Drawing.  .8vo,  7  50 
**        Problems,   Theorems,   and  Examples   in  Descnptiye 

GeometTT 8yo,  2  60 

Weisbach's  Kinematics  and  the  Power  of  Transmission.     (Herr- 
mann and  Klein.) 8yo,  6  00 

Whelpley's  Practical   Instruction   in   the  Art  of  Letter  En- 

ffraying  12mo,  2  00 

Wilsoirs  Topographic  Suryeying 8yo,  8  kO 

Wilson's  Free-hand  Perspectiye 8yo,  2  50 

Woolfs  Elementary  Course  in  Descnptiye  Geometry.  .Large  8yo,  3  00 


ELECTBICITT  AND  PHYSICS. 

.Anthony    and    Brackett's    Text-book    of    Physics.     (Magie.) 

Small  8yo,  S  00 
Anthony's  Lecture-notes  on  the  Theory  of  Electrical  Measur- 

ments    12mo,  1  00 

Benjamin's   History    of    Electricity 8yo,  3  00 

Benjamin's  VolUic  Cell 8yo,  8  00 

Classen's  Qantitatiye  Chemical  Analysis  by  Electrolysis.     Her- 

rick  and  Boltwood.) 8yo,  S  00 

Orehore    and  Squier's  Polarizing  Photo-chronograph 8yo,  3  00 

Dawson's  Electric  Railways  and  Tramway8..Smari  4to,  half  mor.,  12  M 
Dawson's  "Engineering"  and   Electric  Traction  Pocketrbook. 

16mo,  morocco,  4  00 

Hauler's  Dynamometers,  and  the  Measurement  of  Power. .  12mo,  3  00 

<}übert's  De  Magneto.     (MotteUy.) 8yo,  2  50 

Bolman's  Precision  of  Measurements 8yo,  2  00 

"        Telescopic   Mirror-scale   Method,  Adjustments,   and 

Tests Large  8yo,  7i 

Landauer's  Spectrum  Analysis.     (Tingle.) 8yo^  3  00 

Le  Chatelier's  High-temperature  Measurements.     (Boudouard — 

Buigess.) 12mo,  8  00 

LOb's  Electrolysis  and  Electrosynthesis  of  Organic  Compounds. 

(Lorens.)    12mo,  1  00 

Lyons's  Treatise  on  Electromagnetio  Phenomena 8yo^  •  00 

^liichie.    Elements  of  Ways  Motion  Relating  to  Sound  and 

Light 8yo,  4  00 

maudet's  Elementary  Treatise  on  Electric  Batteries    (Fish- 
back.)    12mo,  2  50 

*  Panhall  and  Hobart's  Eleetrie  G«neratorB..Small  4to,  half  mor.,  10  00 
Ryan»  Norris,  and  Hoxie'a  Electrical  Machinery.  {In  preparatUm.) 
Hiurston's  Stationary  Steam-enffines 8yo,  2  50 

*  Tillman.    Elementary  Lessons  in  Heat 8yo,  1  50 

Tory  and  Pitcher.    Manual  of  Laboratory  Physics.  .Small  8yo,  2  00 
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LAW. 

*Dayii.    Elements  of  Law Svó,  2  60 

*  "        Tteatise  on  the  Military  Law  of  United  States.  .Syo,  7  00 

*  Sheep,  7  50 

Manual  for  Courts-martial 16mo,  morocco,  1  50 

Wait's  Engineering  and  Architectural  Jurisprudence 8yo,  •  00 

Sheep,  0  50 
"     Law  of  Operations  Preliminary  to  Construeticm  in  En- 
gineering and  Architecture Svo^  5  00 

Sheep^  6  50 

**       Law  of  Contracts 8vo^  S  00 

Wlnthrop's  Abridgment  of  Military  Law 12mo,  2  50 

MANXTFACTUEES. 

Beaumont's  Woollen  and  Worsted  Cloth  Manufacture. . . .  12mo,  1  50 
Bemadou's  Smokeless  Powder — Nitro-cellulose  and  Theory  of 

the  Cellulose.  Molecule l2mo,  2  50 

BoUand's  Iron  Founder 12mo,  doth,  2  50 

"        "  The  Iron  Founder  "  Supplement 12mo,  2  iO 

**        Encyclopedia  of  Founding  and  Dictionarr  of  Foundry 

Terms  Used  in  the  Practice  of  Moulding. . . .  12mo^  S  00 

Eissler's  Modem  High  Explosives 8vo,  4  00 

Effront's  Enzymes  and  their  Applications.     (Prescott.)...8vo,  S  00 

Fit^erahi's  Boston  Machinist 18mo,  1  00 

Ford's  Boiler  Making  for   Boiler  Makers 18mo^  1  00 

Hopkins's  Oil-chemists'  Handbook 8yo,  8  00 

Keep's  Cast  Iron 8to  2  50 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special 
Reference  to  State  Control.     {In  preparation,) 

Metcalf 's ,  Steel.    A  Manual  for  Steel-users 12mo,  2  00 

Hetcalfs  Cost  of  Manufactures — ^And  the  administration  of 

Workshops,  Public  and  Private 8vo,  5  00 

Meyer's  Modem  Locomotive  Construction 4to,  10  00 

*  IleiBig's  Guide  to  Piece-dyeing 8vo,  26  00 

Smith's  Press-working  of  Metals 8vo,  3  00 

"      Wire:  Its  Use  and  Manufacture Small  4to,  3  00 

Spalding's  Hydraulic  Cement 12mo,  2  00 

Bpencer^s  Handbook  for  Chemists  of  Beet-sugar  Houses. 

16mo,  morocco,  8  00 
"         Handbook  for  Sugar  Manufacturers  and  their  Chem- 
ists  16mo,  morocoo^  2  00 

Thurston's  Manual  <^  Steam-boilers,  their  Designs,  Construc- 
tion and  Operation 8vo^  5  00 

*  Walke's  Lectures  on  Explosives 8vo,  4  00 

West's  American  Foundry  Practice I2mo^  2  10 

"      Moulder's  Text-book 12mo^  2  50 

Wiechmann's  Sugar  Analysis Small  8vo^  2  50 

Wolff's  Windmill  as  a  Prime  Mover 8vo^  8  00 

Woodbury's   Fire  Protection  of  Mills , 8vo^  2  50 

MATHEMATICS. 

Baker's  Elliptic  Functions 8to,  1  M 

*  Bass's  Elements  of  Differential  Calculus • 12mo,  4  00 

Briggs's  Elements  of  Plane  Analytic  Qeometry I2m0b  I  00 

Chapman's  Elementary  Course  in  Theory  of  Equatiowi...l2mo^  1  50 

Compton's  Manual  of  Logarithmic  Computations 12mo,  I  50 

10 


\ 


Hmviê'u  IntrodncÜoB  to  thê  Logic  of  Algebra 8vo,  1  90 

^Dickaon'B  OoUege  Algebra Large  12mo,  1  60 

*  "         Introduction  to  the  Theory  of  Algebraic  Equations. 

Large  }2mo,  1  25 

Halsted'B  Elements  of  Geometiy 8vo,  1  75 

"         Elementary  Synthetic  Geometry 8vo,  1  50 

*  Johnson's  Three-place  Logarithmic  Tables:  Vest-pocket  size, 

pap.,  16 

100  coptos  for  5  00 

*  Mounted  on  heavy  cardboard,  8  X  10  inches,  25 

10  oopiee  for  2  00 
*"          Elementary    Treatise    on    the    Integral    Calculus. 

Small  8vo,  1  50 

"         Conre  Tracing  in  Cartesian  Co-ordinates 12mo,  1  00 

"        Treatise    on    Ordinary    and    Partial     Differential 

Equations Small  8vo,  3  50 

"        Theory    of    Errors    and    the    Method     of    Least 

Squares  12mo,  1  60 

*  ^         Theoretical  Mechanics ,..12mo,  3  00 

Laplace's  Philosophical  Essay  on  Probabilities.    (Truscott  and 

Emory.) .* 12mo,  2  00 

*  Ludlow  and  Bass.    Elements  of  Trigonometry  and  Logarith- 

mic and  Other  Tables 8vo,  3  00 

^         Trigonometry.    Tables  published  separately.  .Each,  2  00 

Merrlman  and  Woodward.    Higher  Mathematics 8vo,  5  00 

Merriman's  Method  of  Least  Squares 8vo,  2  00 

Kioe  and  Johnson's  Elementary  Treatise  on  the  Differential 

Calculus Small  8yo,  3  00 

"  Differential  and  Integral  Calculus.   2  yols. 

in  one Small  8yo,  2  60 

Wood's  Elements  of  Co-ordinate  Geometry 8yo,  2  00 

"       Trigometry:  Analytical,  Plane,  and  Spherical ....  12mo,  1  00 


MECHAXnCAL  ENQINEEBINO. 

MATERIALS  OF  ENGINBERING,  STEAM  ENGINES 
_  AND  BOILERS. 

Baldwin's  Steam  Heating  for  Buildings 12mo,  t  10 

Barr's  Kinematics   of  Machinery 8yo,  2  60 

•  Bartlett's  Mechanical  Drawing 8yo,  3  00 

Benjamin's  Wrinkles  and  Recipes 12mo,  2  00 

Carpenter's  Experimental  Engineering 8yo,  0  00 

"            Heating  and  Ventilating  Buildings 8vo,  4  00 

Clerk's  Gas  and  Oil  Engine Small  8yo,  4  00 

Coolidge's  Manual  of  Drawing 8yo,  paper,  1  00 

Cromwell's  Treatise  on  Toothed  Gearing 12mo,  1  50 

*'           Treatise  on  Belts  and  Pulleys 12mo,  1  60 

Durley's  Kinematics  of  Machines 8yo,  4  00 

Hauler's  Dynamometers,  and  the  Measurement  of  Power  ..12mo,  3  00 

**        Rope   Driying 12mo,  2  00 

Gill's  Gas  an  Fuel  Analysis  for  Engineers 12mO|  1  26 

Hall's  Car  Lubrication 12mo,  I  00 

Jones's  Machine  Design: 

Part  I. — ^Kinematics  of  Machinery 8yo,  1  60 

Part  n. — ^Form,  Stren^fth  and  Proportions  of  Parts 8yo,  3  06 

Kent's  Mechanical  Engineers'  Pocket-book...  .16mo,  morocco^  6  00 

Kerr's  Power  and  Power  Transmission 8yo,  2  00 
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ICaoCord't  Kinematics;  or.  Practical  HechaiilBm Syo^  5  00 

**         Mechanical  Drawing 4to,  4  00 

*'         Velocity  Diafframs Sro,  1  60 

Mahan's  Industrial  Dra^ng.     (Thompson.) Oro^  8  60 

Poole's  Oaloriflo  Power  of  Fuels 6to^  8  00 

Raid's  Course  in  Mechanical  Drawing. Oto,  2  00 

"      Text-book    of    Mechanical    Drawing    and    ISementajy 

Machine  Deeifln 8vo^  8  00 

Riohards's  Compressed  Air 12mOy  1  60 

Robinson's  Principles  of  Mechanism 8to,  8  00 

Smith's  Press-working  of  Metals Svo,  8  00 

Thurston's  Treatise  on  Friction  and  Lost  Work  in  Machin- 
ery and  Mill  Work 8vo,  8  00 

"         Animal  as  a  Machine  and  Prime  Motor  and  the 

Laws  of  Energetics 12mo,  1  00 

Warren's  Elements  of  Machine  Construction  and  Drawing.  .Svo,  7  60 
Weisbach's  Kinematics  and  the  Power  of  Transmission.     (Herr- 
mann—Klein.)    8vo,  6  00 

**         Machinery  of  Transmission  and  OoremorB.     (Herr- 
mann—Klein.)    8yo,  6  00 

"         Hydraulics  and  Hydraulic  Motors.     (Du  Bois.)  .8yo,  6  00 

Wolff's  Windmill  as  a  Prime  Mover 8yo,  8  00 

Wood's  Turbines .8vo,  2  60 

MATERIALS  OF  ENOnTEERHrO. 
Boyey's  Btren^rth  of  Materials  and  Theory  of  Structures.  .8yo,  7  iO 
Burrs  Elasticity  and  Resistance  of  the  Alaterials  of  Engineer- 
ing   8yo,  6  00 

Church's  Mechanics  of  Engineering 8yo,  8  00 

Johnson's  Materials  of  Construction Large  8yo,  6  00 

Keep's  Cast  Iron 8yo,  2  60 

Lanza's  Applied  Mechanics 8yo»  7  60 

Martens's  Handbook  on  Testing  Materials.     (Henning.) . . .  .8yo,  7  60 

Merriman'Q  Text-book  on  the  Mechanics  of  Materials 8yo,  4  00 

"          Strength  of  Materials 12mo,  1  00 

Metcalf s  Steel.    A  Manual  for  Steel-users 12mo,  2  00 

Smith's  Wire:  Its  Use  and  Manufacture Small  4tO|  8  00 

"       Materials  of  Machines 12mo,  1  00 

lliurston's  Materials  of  Engineering 8  yols.,  8yo,  8  00 

Part  n.— Iron  and  Steel 8yo,  8  60 

Part  in. — ^A  Treatise  on  Brasses,  Bronzes  and  Other  Alloys 

and  their  C(»istituents 8yo,  2  60 

Thurston's  Text-book  of  the  Materials  of  Construction 8yo,  6  00 

Wood's  Treatise  on  the  Resistance  of  Materials  and  an  Ap- 
pendix on  the  Preseryation  of  Timber Syo,  8  00 

**       Elements  of  Analytical  Mechanics 8yo,  8  00 

STEAK  ENGINES  AND  BOUEBS. 
Oamot's  Reflections  on  the  Motiye  Power  of  Heat.     CRiurston.) 

12mo,  1  60 
Dawson's  "  Engineering  "  and  Electric  Traction  Pocket-book. 

I6mo^  morocoo,  4  00 

Ford's  Boiler  Making  for  Boiler  Makers I8mo.  1  00 

Goss's  Looomotiye  Sparks 8yo,  2  00 

Hemenway's  Indicator  Practice  and  Steam-engine  Economy. 

12mo,  8  00 

Button's  Mechanical  Engineering  of  Power  Plants 8yo^  6  00 

"       Heat  and  Heat-engines 8yo»  6  00 

Kent's  Steam-boiler  Economy Svo,  4  OO 
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Knaaw's  Practice  and  Theory  of  the  Injector 8to»  1  60 

lfacCord'8  Slide-yalyee 8to,  2  00 

Meyer's  Modem  LocomotiTe  Construotion 4to,  10  00 

Feabody**  Manual  of  the  Bteam-engine  Indicator 12mo^  1  M 

**        Tables  of  the  Propertiea  of  Saturated  Steam  and 

Other  Vapora 8to^  1  00 

^       Thermodynamica   of    the   Steam-engine   and   Other 

Heat-engines 8to,  5  00 

**         Valye-gears  for  Steam-engines %yo,  2  60 

Feabody  and  Miller.    Steam-boilers 8to,  4  00 

Fray's  Twenty  Years  with  the  Indicator Large  8to,  2  M 

Fupin's  Thermodynamics  of  Reversible  Cycles  in  Gases  and 

Saturated    Vapors.     (Osterberg.) 12mo»  126 

Reagan's  Locomotive  Mechaoism  and  Engineering 12mo,  2  60 

Rontgen's  Principles  of  Thermodynamics.     (Du  fiois.)....8T0,  6  00 

Sinclair's  Locomotive  Engine  Running  and  Management. .  12mo,  2  00 

Smart's  Handbook  of  Engineering  Laboratory  imctice.  .12mo,  2  60 

Snow's  Steam-boiler  Practice 8vo,  3  00 

Spangler's   Valve-gears Svo,  2  60 

^         Notes  on  Thermodynamics 12mo,  1  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering. 

8vo,  3  00 

Thurston's  Handy  Tables 8vo^  1  60 

**         Manual  of  the  Steam-engine 2  vols.»  8vo,  10  00 

Part  L — ^History,  Structure,  and  l%eory 8vo,  0  00 

Part  n. — Desicn,  Construction,  and  Operation 8vo,  0  00 

Thurston's  Handbook  of  Engine  and  Boiler  Trials,  and  the  Use 

of  the  Indicator  and  the  Prony  Brake 8vo,  6  00 

^         Stationary  Steam-enffines 8vo,  2  60 

**         Steam-boiler  Explosions  in  Theory  and   in   Prac- 
tice   I2mo,  1  60 

"         Manual  of  Steam-boilers,  Their  Designs,  Construc- 
tion, and  Operation 8vo,  6  00 

Weisbach's  Heat,  Steam,  and  Steam-engines.     (Du  Bois.)..8vo,  6  00 

Whitham's  Steam-engine  Design 8vo,  6  00 

Wilson's  Treatise  on  Steam-boilers.     (Flather.) 16mo,  2  60 

Wood's    Thermodynamics,    Heat^   Motors,    and    Refrigerating 

Machines  8vo,  4  00 

MECHANICS  AND  KACUUNEBT. 

Barr's  Kinematics  of  Machinery 8vo,  2  60 

Bovey's  Strength  of  Materials  and  Theory  of  Structures.  .8vo,  7  60 

Chordal.— Sztracts  from  Letters • 12mo,  2  00 

Ohurch's  Mechanics  of  Engineering 8vo,  6  00 

"        Notes  and  Examples  in  Mechanics 8vo,  2  00 

Compton's  First  Lessons  in  Metal- working 12mo,  1  60 

Compton  and  De  Groodt   The  Speed  Laths 12m0b  1  60 

Cromwell's  Treatise  on  Toothed  Gearing 12mo,  1  60 

**         Treatise  on  Belts  and  PuUeys 12mo,  160 

Dana's  Text-book  of  Elementary  Mechanics  for  the  Use  of 

Colleges  and  Schools 12mo,  1  60 

Dinsey's  Machineij  Pattern  Making 12mo,  2  00 

Dnidge's  Record  of  the  Transportation  Ebdiibits  Building  of  the 

World's  Cohimbian  Exposition  of  180S 4to^  half  mor.,  6  00 

Dn  Bois^s  Elementary  Principles  of  Mechanics: 

VoL  I.— Kinematics 8vo,  9  60 

VoL  n.— StaUcs 8vo,  4  00 

Vol.  in.— Kinetics 8vo,  8  60 

Du  Bois's  Mechanics  of  Engineering.    Vol.  I Small  4to,  7  60 

-       -              u         u           m            YiAXL Small  4to,  10  00 
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Durle/a  Kinematics  of  Machines 8vo,  4  00 

Fitzfferald's  Boston  Machinist IGmo»  1  00 

lUtEer'g  Dynamometen,  and  the  Msaauramant  of  Power.  12mo,  3  00 

'*        Rope   Driving 12mo»  2  00 

Qofls's  Locomotive  Sparks 8vOy  2  00 

Hall's  Car  Lubrication 12mo,  1  00 

Holly's  Art  of  Saw  FUing 18mo,  75 

*  Johnson's  Theoretical  Mechanics 12mo,  I  00 

Johnson's  Short  Course  in  Statics  by  Graphic  and  Algebraic 

Methods.     {In  preparatUm.) 
Jones's  Machine  Design: 

Part  I. — ^Kinematics  of  Machinery 8yo,  1  M 

Part  XL— Form,  Strength  and  Proportions  of  Parts.... 8vo,  S  00 

Kerr's  Power  and  Power  Transmission 8vo,  2  00 

Lansa's  Applied  Mechanics 8yo,  7  60 

MacCord's  Kinematics;  or.  Practical  Mechanism 8to,  6  00 

"         Velocity  Diagrams 8vo,  1  60 

Merriman's  Text-book  on  the  Mechanics  of  Materials ST<h  4  00 

*  Michie's  ESements  of  Analytical  Mechanics 8yo,  4  00 

Reagan's  Locomotive  Mechanism  and  Engineering 12mo^  2  00 

Reid's  Course  in  Mechanical  Drawing 8vo!»  2  00 

"      Text-book    of    Mechanical    Ihrawing   and    X3ementary 

Machine  Design 8vo,  S  00 

Richards's  Compressed  Air 12mo,  1  60 

Robinson's  Principles  of  Mechanism 8vo,  8  00 

Ryan,  Norris,  and  Hoxie's  Electrical  Machinery.    {In  preparation.) 

Sinclair's  Locomotive-engine  Running  and  Management. .  12mo,  2  00 

Smith's  Press-working  of  Metals 8vo^  8  00 

**       Materials  of  Machines 12mo,  1  00 

Spangler,  Greene,  and  Marshall's  Elements  of  Steam-engineering, 

8vo,  3  00 
Thurston's  Treatise  on  Friction  and  Lost  Work  In  Machin- 
ery and  Mill  Work 8vo,  S  00 

"  Animal  as  a  Machine  and  Prime  Motor,  and  the 

Laws  of  Energetics 12mo»  1  00 

Warren's  Elements  of  Biachine  Omstniction  and  Drawing.  .Ovo^  7  iO 
Weisbach's    Kinematics    and    the    Power    of    Transmission. 

(Herrman — Klein.)    8vOy  6  00 

**  Machinery  of  Transmission  and  Governors.    (Herr- 

(man— Klein.)    8vo^  5  00 

Wood's  Elements  of  Analytical  Mechanics 8vo,  S  00 

"      TYinciples  of  Elementary  Mechanics 12mo,  1  26 

*       Turbines  8vo,  t  60 

Hie  World's  Columbian  Exposition  of  180S 4to^  1  00 

METALLTTBOT. 
E^leston's  Metallurgy  of  Suver,  Gold,  and  Mercury  t 

Vol .  I.— Silver 8vo,  7  60 

VoL  n.^Gold  and  Meccury 8to»  7  60 

^^  Des's  Lead-smelting. . . .  (Postage  0  cents  additional)     12mo,  2  60 

Keep's  Oast  Iron 8vo,  2  60 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8vo,  1  60 

Le  Chatelier's  High-temperatura  MeMorements.    (Boudonard — 

Burgess. ) 12nio^  I  00 

Metcalf'a  Steel.    A  Manual  for  Steel-users 12mo,  2  00 

Smith's  Materials  of  Machines 12mo,  1  00 

nurBton's  Materials  of  Engineering.    In  Three  Parte 8vO|  8  00 

Put  n.— Iron  and  Steel 8to^  8  M 

Fart  m.— A  Treatise  on  Brasses»  Bronnss  ead  Other  Alloys 

and  Their  Goastitnents 8vio^  I  M 
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UnSEBALOQY. 


Barringer's   Detcription   of   Mineral!    of    Commercial    Value. 

Oblong,  morocco,  £  80 

Bojd'i  Resources  of  Southwest  Virginia 8yo,  S  00 

I                    *'       Map  of  Southwest  Virginia Pocket-book  form,  2  00 

I               Brush's  Manual  of  Determinative  Mineralogy.     (Penfield.)-8vo,  4  00 

Cheater's  Catalogue  of  Minerals 8vo,  paper,  100 

Cloth,  1  U 

"        Dictionary  of  the  Names  of  Minerals .' . .  8vo,  S  60 

Dana's  System  of  Ifineralogy Large  8to,  half  leather,  12  M 

"      ¥int  Appendix  to  Dana's  New  "  System  of  Minerale^." 

I                                                                                                          Large  Svo,  1  OU 

'                     "      Textrbook  of  Mineralogy 8vo,  4  00 

*      Minerals  and  How  to  Study  Them 12mo,  1  60 

"      Catsloffue  of  American  Localities  of  Minerals. Large  8vo,  1  00 

M      MflLmiiu  of  Mineralogy  and  Petrography 12mo,  2  00 

^gleston's  Catalogue  of  Minerals  and  Synonyms 8yo,  2  60 

Hussak's     The    Determination     of     Bock-forming     Minerals. 

(Smith.)    Small  8vo,  2  00 

*  Penfleld's  Notes  on  Determinative  Mineralogy  and  Record  of 

Mineral  Tests 8vo,  paper,  fO 

Boeenbusch's  Microscopical  Physiography  of  the  Rock-making 

Minerals.      (IddW's.) ..8vo,  6  00 

*  Tillman's  Text-book  of  Important  Minerals  and  Rocks..  8vo^  2  00 
Williams's  Manual  of  Lithology 8vo,    S  00 


Beard's  VenUUtion  of  Mines 12mo,  2  60 

Bead's  Resources  of  Southwest  Viiginia 8vo,  S  00 

"       Map  of  Southwest  Virginia Pocket-book  form,  2  00 

*  Drinker's     Tunneling,     Explosive    Compounds,     and     Rock 

Drills 4to,  half  morocco,  26  00 

Eissler's  Modem  High  Bxplostves 8vo,  4  00 

Fowler's  Sewage  Works  Analyses 12mo,  2  00 

Goodyear'B  Coal-mines  of  the  Western   Coast  of  the  United 

States    12mo,  2  60 

Ihlseng's  Manual  of  Mining. : 8vo^  4  00 

♦♦  Iles^s  Lead-smelting 12nio,  2  60 

Kunhardt's  Practice  of  Ore  Dressing  in  Europe 8yo,  1  60 

CDriscoU's  Notes  on  the  Treatment  of  Gold  Ores Svo,  2  00 

Sawyer's  Accidents  in  Mines 8yo,  7  00 

♦  Walke's  Lectures  on  Explosives 8vo,  4  00 

Wilson's  Cyanide  Processes 12mo,  1  60 

Wilson's  Chlorination  Process 12mo,  1  60 

WUsan's  Hydraulic  and  Placer  Mining 12mo,  2  00 

unison's  Treatise  on  Practical  and  Theoretical  Mine  Ventilap 

tion 12mo,  1  26 

SAiniAET  SCIENCE. 

Mmll's  Seweraga.    (Designing,  Constmettoa  and  Maintensaoe.) 

8to,  S  00 

"        Water-supply   Engmeering 8vo,  4  00 

TMrtflt's  Water  and  Public  Health 12mo,  160 

*       Water-iUtration  Works 12mo,  t  00 
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Gerhard's  Guide  to  Sanitary  Houee^iiupeetion l<lmo,  1  00 

Goodrich's  Economical  DinNÜnl  of  Townif  BefOao. .  .Demj  8to^  0  10 

Hasen'a  filtration  of  Publio  Watar-tuppliee Sro,  I  00 

Kiersted's  Sewage  Diapoeal 12mo»  1  2§ 

Leach's  The  Inspection  and  Analysis  of  Food  with  Special 

Reference  to  State  Control.     {In  preparation.) 
ICason's  Watel^Bnpply.     (Considered  Principally  fixnn  a  San- 
itary Standpoint    8d  Edition,  Rewritten 8yo,  4  00 

^       Examination   of   Water.      (Chemical   and   Bacterio- 
logical.)     12mo,  lU 

Merriman's  Elements  of  Sanitarr  Engineering 8to^  2  OO 

Nichols's  Watel^supply.     (Considered  Mainly  from  a  (jhemieal 

and  Sanitary  Standpoint.)     (1883.) 8yo,  200 

Ogden's  Sewer  Design , ISmo,  2  00 

^Price's  Handbook  on  Sanitation 12mo,  1  00 

Riehards'a  Cost  of  Food.   A  Study  in  Dietaries 12mo,  100 

Richards  and  Woodman's  Air,  Water,  and  Food  from  a  Sani- 
tary  Standpoint 8to,  2  00 

Richards's  Cost  of  Ijiyinff  as  Modified  by  Sanitary  Science.  12m<^  1  00 

*  Richards  and  Williams's  The  Dietary  Computer 8yo^  1  60 

Rideal's  Sewage  and  Bacterial  PnrilLeaüon  of  Sewage 8to,  0  60 

Tnmeaure  and  Russell's  Public  Water-supplies Syo,  6  00 

Whipple's  Microscopy  of  Drinidng-water 8to^  3  60 

Woodhull's  Notes  on  Military  Hygiene lOmo^  1  60 


MI8CELLANE0ÏÏS. 

Barker's  Deep-sea  Soundings 8to,  2  00 

Smmoui's  Geoloffical  Guide-book  of  the  Roeky  Monataln  Sz- 

cursion  of  the   International    Congress   of   Gecdogists. 

Large  8to,  1  SO 

Ferrel's  Popular  Treatise  on  the  Winds 8to^  4  00 

Haines's  American  Railway  Management 12mo,  2  SO 

Mott's  Composition,  Digestibility,  and  Nutritiye  Value  of  Food. 

Mounted  chart,  1  26 

**     Fallacy  of  the  Prssent  Theory  of  Sound lOmo,  1  00 

Rlcketts's  History  of  Rensselaer  Polytechnic  Institute,  1824- 

1894 .• Small   8vo,  3  00 

Sothsorham's  Emphasised  New  Testament Large  Sro^  2  00 

Steel's  Treatise  on  the  Diseases  of  the  Dog 8to,  3  60 

Totten's  Important  Question  in  Metrology 8tO|  2  60 

He  World*s  Columbian  Exposition  of  1803 4to,  1  00 

Worcester  and  Atkinson.    Small  Hospitals,  Establishment  and 

Maintenance,  and  Suggestions  for  Hospital  Architecture, 

with  Plans  for  a  Small  Hospital 12mo,  1  26 


HEBREW  AND  CHALDEE  TEXT-BOOKS. 

Green's  Grammar  of  the  Hebrew  Language 8to^  0  00 

"      Elementary  Hebrew  Grammar 12mo»  126 

"       Hebrew  Chreetomathy 8to,  2  00 

Oesenius's  Hebrew  and  Chaldee  Lexicon  to  the  Old  Ttetament 

Scriptures.    (Tregelles.) Small  4to,  half  movoooo^  6  00 

Letteris's  Hebrew  Bible 8to,  2  26 
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the  Iiibrary  on  or  beföre  the  last  date 
stamped  below. 

A  fine  of  five  cents  a  day  is  incurred 
by  retaining  it  beyond  the  specified 
time. 
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